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INTERACTION OF 14.8 Mev NEUTRONS WITH 
ALUMINIUM 

U. K. MOHTNTHU and H. S. 1UN« 

DiiiPAimtRisT OK Physics, Mi slim Unimitisjty, Alusaiui 
[licrfiii'Gd Ji\i»Hin}i 5 , 190-, Srjiti mbi t 21 . 1902 ) 

ABSTRACT 'I’lu' siii'cini o( t Imi’Ki'd jhuIk'O’h and niaiiions Ji-oni AI-t liavi* 

(■ai( iiJal/ 0 (l on llu* Oasis of the (‘oin]ioiintl niu-li-us tlicory using various Icwl doiisily loinnilao 
and tal'^ing into uci onnL i.Jii' (dfoct oi volnmr dirci t inli-racl ion H’lio i onijiansons liciwocn 
Mu' o3k.j)prijnouLal .ind udt iilatod s]M‘ilra, air jai'sdil.rd jn tlir form of acluiil luntirlr sfuali'a. 
'rfu' sliaprs of llio ralcukilrd siirdiu ioi Ili(‘ vaiious Irvi'l drnsily Joimiilar a.ir in luiigli agrrr- 
inrnt. wiUi tlx' rx] UM immt al n‘, sails, Imt. thrir ajo di'vijitioiiH in tlir aOsolntr yirld Jji'vrl 
doiLsity lormnlar diir l.o L.mg i'k Jx'(V>nl.i‘Ui' and iS'rAcion givr hidti'i ugrorru'iit wilJi Mir rx- 
pia'inirnlal irsiiHs Ilian f.lir sinijilr lounniao based on Kri-mi gas jnodi'l and ila* ( onsianlj 
tiCinjirral'Ui'r. Ynild ol fa, np) i alridalial on I1 k‘ basis ol siin])Jr b’rrmi gas inodrl lonnnla, 
assuming Mir jiarainrii'r <i lo bi' loiisianl. is too liigb All Mx' caloiiJatrd jn-olon sfirrlra ai’o 
drfa x-nt m Mx' lugli rnrigy jn’olons rojn|mrrd lo tlir rxjK'j'unrnl ul values I'vcn alti'r taking 
into a.croiint the rontrilnition of tlio volnino diirrt mtiTai tion, 

1 X T Jt () ]) U ( ' T f 0 N 

lioccnt (‘oiiijiLui.suu ol (^dJh al td. (1!)51)), Allan (lOf)?). (lllnS); Kuniabo pI> ah 
(IDo?); (riii\ OS and lloisi'ii (M)53); Van] and Vlaiko (IllnlJ) })otAV(‘(‘n (‘X]H‘rniinnia] 
data on the various inlcraclion cross-sccd-ions and lUe ])i*cdi(‘t-ion,s ol tUo (joiiijjound 
nuidouH llu'ory have suggested tliat the tlioory is inadecfuatio In the exporiniontal 
,S|jG(dra theie is exccts.s ol' high and low' e.Jiergy partieloB. Tlio e\t‘(‘ss of Jiigh 
enei gy jierl ides lias tn'on explanuxl jiavily liy various aulliin’s [Vrown and Muirhead 
(1957), Austern et ah (19511)] hy iaknig into ac'eount dircrl intoradions. On 
the othei hand, se-veivd attempts Intve hocMi made to c^xplion to some extemt the 
preponderant ^ of JoV' energy particles by taking into account (i) tlu' evaporation 
ol setondavy particles trom tJie residual mieleus, (ii) assuming the chmsity disti’i- 
hutiuii ol tlie nudeiis to 1)0 round edged JCiknohi (1957), (m) the volot.ity depen- 
dent iiolontial, (iv) the oscillatiojis ol tlie compound nucleus Nemeth (1958); 
(v) the pai tides aie evaporated Irom an excited nucleus and the potential and 
transmission coehicionts for an excited nucleus (lifter from tliose ol a nucleus in 
ground state Nemeth (1900). 

9^10 present caleiilations were uiideidaken as an attempt to delineate tlie 
extent to which various level densily loriiiuhie of tJie statistical theory and tlie 
theory of volume direct intoraclion can provide a valid deseiiption of the spectra 
of emitted pai'ticles due to the interaction of 14.8 Mev neutron with AV’. W(! 
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liavo jtnidr ( -ilculal inns nn tlir Imsis ol’cnnipdiind nucleus for tlio spectra of emitted 
jiarticjc.s III {it, n') iiiid {h.ol) I'liulmus uiiikiu;/ use of (i) the simple l^eriui 

^r.is moiN'l l*‘\el (lciisif\ Im i.mla due lo Weisskopf ( (li) the constant tem- 
pei.ilure inumiJa, (m) tlic j( v<‘J fU'iisil y l.iimuhi due In Lang aiul LeCoiiteur (1954) 
and (iv) Xew'lnn s sludl d(‘|ienden1 loijnula (195(5) Jt ll^a^' he noted tliat the 
diied (onijjiiijsons o( lali (dated and Ihe (disevved actual jiartuJe spectra provide 
a Ix Mei test fni (lie validil v nf liie st.il islu.aMlicorv rather th.iii t]u“ comparisons 
in (he Juiiii nl lc\ el deiiMlu'- l^ai liei , Mam and Nair (19(59) loiiortcd similar 
('aJ( ulal inns Inr (he janlou sjici (rum aiul iism^ flu* smi|)l(‘ Fei iiii gas niodf 1 loriniila 
nnl\ 


'!' H M () K ^ 

In liic mierailion ot I l.S M< \ neuti mis Avitli AF". 

(i) (he pinion siieclruin i.s mamlv du(‘ to the lolloving roaetjons: 

l(a,yi 7 )-i (a, /uOU,,,,, , ,/</ I [(^9 *>P)\i(wirid,r 

'flu' colli rilud ion due to (ii u/i) leaetioii has h<‘eii found to he Jess than one 
imllihain and (ii,p//) is not eueigelic.dls jiossihic because of the huge separation 
energy oj proion in ,,Mg-'. 

(ii) Ihe neutron s^ieilra is mainly due to 

|(/l. «'r) 1 («. "'ll") 'rill- ll’ji) ‘ («. Il''^)i,„„f,.l,r 1 |(«. I \ll-P"'\,,mpt,hr 

(ill) (h(‘ alpha particle spis tra ai<‘ mainly due to 

l('/' ocy) \ (n, «/d) !-(m, ocp)l„„^, | \(n, 

TIu' pi unary pailule,^ are eimtled hnlh due to (lie eA apnralion jirocess and direct 
inteiact ion. vhilc (lie .secondary particles an* uiainlv emitted due to eAmjioration. 

roMi'di’Ni) Ni'ri. i^:rs Tiii:(inY 

The eiieruA spectra of the (/ ?) reaction due to incident jiai tieje I with energy 
y'>hhl S Mca' in the pjcsent ease) i.s given by 

/) a,(h:i) 2 j\I, h]^)dE, 

in ' /r ’ ~ ■■■ (1) 

K 

A^liere i^ a (|uanli1y jiroportional In ]iailial vidtli for the disintegration Avitli 
tlu' emission of an\ partuje A and i^ given bx RJatt and Wei.ssUopf (1952) as 
iw. 

where is tlu‘ ma.\nmim ax ailable eiu igy - ihe incident energy | Q value of the 
reaction. is the cio.ss-seetion lor (he inverse reaction, the level 





Interaction of 14.8 Alev Neutroris with Aluminium, 


density i)f’ llic residuaJ iiiieleiis, M ^ i.s tlu^ luiiss oi' ilie oiiiiliod partiole, and 
is extended over all kinds «il p.iitial uidtlis 


AVlien the ih’st particle t js einitled vith .small kiiK'tii eiuM-jJcy. (lie inter- 
mediate iineleus is often .so liij^hly excited lliat a second particle j can be 
eiv'aporated il 

JH ^ ! I 

\vh(*re *S',j is tiie .separation energy ol the secondai v particle j in llio intermediate 
nueleii.s lelt alter tlu‘ eva.]ioiation of i. 

The energy spei.trnin of secondai v partu'les emilled after (‘evaporation of the 
partule i as given by Hay<dva\m ct al. (lorm) is 


OEjOil ‘in 


-J<J, 




m, 








(UL 


( 3 ) 


ij 1 Jt 1'^ < ’ 'r j .N 'r vz K A r 'r I () N 


Th(‘se formnl.K' .in* tin' .s.nne as d(‘rived bv Hayakav'^a pf ul (lO/io) and Rro>vn 
and IMiiirhead (ibo?) .issimung Ihe miclens to be composed ol tivo non-intei acting 
Kerim g.ises and t, iking into acioiinl tin* l\iiili e\(Jii.sion ])iincipl(‘. The direct 
collisions mill the individual nucleons in tin* nncl(‘n.s give rise to the,s(» r('>.U‘lion.s. 
The cneigy spectrum of ])rol.ons due to diiect interaction is given by 


[ 


dtp jfZij 



LPji^np^vp' I Pn^nn ^n» I 


( 4 ) 


'J’hc neutrons can be emitted either diui to the collision of the im‘ident neutrons 
with the j)i otons or the neutrons of the target nucleus. 

The oncj'gy s])ectr\im ol neutrons due to {n, >2^) collisions is given by 


. I dir 


( df„ ) 

VPp^np^ np'^ Pn^nn^ini\ 


The jiart due to {n, n) collisions is given by 


... (5) 



2/)„ ( 

' m.fl / nn 

^p^}CCffpJ^nji nnj 


(») 
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i 1 

\ l,u> 


is llif' rrosH-soction ioi I ho jH'odiiotion of a proton with onorgy 


f,„ III a siiif/jo rolli-^ion tlio iMiiilimi iind ]wotoii insido the imcdous and 

a IS :i (jo tor uJin li rothicos tho luagnitudo ol A'„^, jukI duo to Panii exclnsion 


pi jiiciph . 'I'lio vjiliios of I ^ Jiavo boon ovaln.itod by tho method of 

Miini jiiid Null (lOtiO) ft is ilio donsiU of inioloons uisido the nucleus, u is tho 
inloiai'l ion cioss-‘-(M'1 ion. and jim* (roc {n, ‘p) and ')i) collision oross- 

scctions ;ij 14 Mc\ . f/i(0 Hi*' l“bd ])robability of esc jip for a particle witl^ onerg\>^ 
» IS giviMi by 


«0 


y’(Oexp- 


o.ToZi;] 
A(-o) - 


I I II- P{..)J .'X]. 1 V*'*f 

L A( 6 o) 




A(i„) i.s till* nuiJin free ]Mlh of the inic leim inside tJie iiiiclous, P is the iicnctrabi- 
lil>' l.ictoi iind loi <i sijudi'c ucll po((‘ii(iid is given by JVIani and Nair (1900) 


P{<) 


cr,(e) 

Muvxn 


V lu'i'c If lO- '-'ciiis, A A/27r is tJic wavelength of the particle with 

♦‘iiergy < find is the ( ross-section for tlu* loi illation of tho coiii])oiind nucleus 
I'^ir till' ciis(‘ of ;i (liKusi* niielear model an expiession lor 7’ has been given by 
Kikiiclii (IDoT) blit ve used only a. sipiaie well potential. 

fSpcctiKm of serondfutf fKntich’t^ The sjioctrum of the' seroiidary [lartiules 
j boiling fdf (he niteiinediiiti' mi.deus Iclt alter piotoiis have been knocked out 
due to diiect i-ollisioiis is given by (FayMkaAea, el al. 19.50) 

_ I [ [rf<T„,\ , 2 i|i, E,a,>(K,),^^^{E„-S,-]S,-]i,)dE, 

dH/hi 4n J r- ■ 

... (7) 

Similaily, the sjiectra ol particles boding olf the rcsidiud nindeus left aftei the first 
neutron has been knocked out 


; if. ^) 

oPjOn 


1 

' 471 






, 2 .V, w„<J(E„-E, -S,j~ E,) 

• -E.-S,„) 


dE, 


... ( 8 ) 



Interaction of 14.8 Mev Neutrons wiih Aluminiion 


Differentuil crofyS-fseclioti of proUm.s emit/fd due to dired interaction. 

A eaJcuhilion ol' llic (IjikToiitiiil cmss-RtH-tioii hiis Ixvn giv('n by lliiv.ibiiwai 
d (il. (lOob) and Eruwn aii<l Miiirlioad (1957) bn- tlir la’odiiction ni‘ ;i prnton with 
energy t and in a diieetion 0 in the eentre ni inan.s system and their residt is 


f \nl \ ] ... (!)) 

Ld6Y9nJ.ur [Pi>OC„jN,„A-p>i^>n,-^nv\ L ^ \ do l»ir J 

A\liere 

I iVo- \ ^ c)H-p‘^ 1 fj 

\ deaOn hip ! 2l>p{- j /i^--\-h 

Where J\ and J* refirosent th(‘- inumeniiiiu nl' tJu'. incidiait noutrim and tjio 
omitted poton inside the nuelciis, Pp is the Kenui niomeailnin for the proton, 

h -- c ^ p\^ -- P/-Zf;\ 

-- JV~-m V’—W ■ Y,-, -■ iilHl ry I I . 


(J A h 0 U L ATI O NS FOU TTIE EVAPOHATION PHOCESS 

111 order to carry out the caJculations we have to consider tJie foJIow'Jiig quan- 
tities. 

(i) cl oss-section foi tJie Idnnation of tlie eomiioiind mu, Jens For protons 
and aJjilias calculated \ allies of rr,. lor scpian' ivell ])oi,ential Jiave been list.'d by 
Blatl- and Wmsskopt (1952) Ibi various 'L - JO. Ika* neutrons, values ol' fr^,, 
liave been jilotted in Fast Neutron Data l.lcport (1951) lor various A. We siniiily 
used the interpolated values. 

(il) iSeparation eneigies for various niulei involved wore calculated from tlie 
mass difforence.s and beta di-sintegratioii energies given by King (1954) and Mat- 
tauch and Everling (1957). 

The values used are given below. 


Nuclt'Us 

Sji in Mfv 

iS» m Mi-v 

1,A12^ 

8 3 

13 0 

i<,A]'^« 

(• 3 

11.3 


14 3 

() r> 


14 0 

11 1 


10 6 

7 0 

nNa2i 

R 8 

12 0 
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r IJM(\ 

X,,J. TlOjuli' Aj,,, (Mc-ss. lOAS) 

,Tj ,rjy Mlin mbs ((Vlli cl ul. lOHD) 

(Kumuho d nl. ]\)ryl) 

S^^ ii\ S M<'V (iCimmlu-, l!)5S) 

fiy \ ti S!i mbs {CAovi^r d kI 1901) 

(ill) bcvi'l fImisilMs ■ -Tlir Foiii fbrmul.io for level fleiisiiy have been om- 
lilnyisl TJk' e\aliiii1iim oT \eii(ni.s paianidcrs of ihe par laeiilar formula used 
uloii^ with ihmiKs !.'< ills usM*fl b(*lo\\' sl'pai'jlielv \ 

iSinijth' Fnim f/as' '/tiothl Imcl (Jcu'^ily jovvtmlff 

'fins loiiiiiifi was lii'sl ^i\en b\ Bl.iff .ind UhusskolT and js lietpienUy used 
for st a I isl ic.il lliioiy call iiltioiis 


c,)(l/) - f''exp(2u’r-) 


(10) 


wlii'ie r IS ilic r('Miliial eiierir\ iii llie M svsiem Tilt parainoicrs a a,ud C of 
till' m)iov<‘ lorimila .irt' nol hnouii We (liiniiial(‘ the eonslanf C and use ‘a’ 
e(|iial to ,‘{ IMev”’ and d ^ Kroiu foimuli^ (1) we know. 


2I\L 




(T{n py I H pti)],, 




iisimrevii 1 iiiUMiiid Naliie oi lo-(a, /ly) I (t(/i, p a) we eivn write tlu' energy 
sju'iM 1 imi o| pi ()( nils as 


I I py • 11 ^ pn)\,,pf Ry(r,{Rp)i^x]){’ 2 (r{r-)dl!Jp 

I- ! An ... (11) 

f E^fr,{E ) i xp {2n'dJ')(W^, 

II 


SimiJail\, (li ii') s|iirtruin can lie round if we use 

b^(>b Vr-[- « i^»)]n.,Hj,r<br-M’''’ CCy-\-n, OCn)]aonir 

-[(T{n, n')]atr 

nlure |fT(a, a')],/,, and [fr(a, py-\ a. /m )!,/,> were found by formulae (4), (5) and 
(0). The value oC estiinaled nr(a, a') may introdnee large errors and the result 
weie cheeked bv nsiiiu, another lt>Tm 

"■(». af)J E„(r^,XE„)c^y{K,- E„)dEn 


This ('xjives.sion is quite insensitive to the value of (T{ii, a) as this value is quite 
mall as compared to crdA'd 
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Interaction of 14.8 lUev Neutrons with Atuminimn 

The spectrum of (^t, up) Mns evalu.ited wjlli (he Jiel]) of lorinnlii (11) iind (S) and 
Avas taken ov^v {u,up) and (u,'2n) only lierause vm* do not know (or 
inielens in {u. u'a) reaction. The nejilect of (>/. jiilrodines sjuall 
error whieli juay he eKtiinated iTuin llie ease wJiere sj)ee(ia Jia\e hcani ealculated 
on the basis of Lang and LeConteur fornnda and has be('n Idniid 1,o bi' of I lie 
f)rder of 3*;;, for J a M(‘v, (I*;,, lor 2..") Mv \ , S",„ for 3.r> J\le^ and ITd);, Ihi ^ f) jMev 
secondary pi’otons 3die value of (' w'as used ai ('ording to tli(‘ odd-i-ven eliaraetcr 
of the nucleus lioni the r<‘lation, Moore* ( KMiO) 

mid ^ Ch^n-odd ^ ndd-t'oii rtcu -c\rii 

Laiuj (end Ltihidviu Icirl dcuf^ih/ foruniht 

For a nnelcus of atonin; M(*jgh(- A and CAcil.iiion en(' 1 g^' L, tlu* levi‘1 s|)aeing is 

-^^0= ;n-.-x|,-[2( j'-'' j' I ... (JH) 

wJiere nuclear tempera 1-uj‘e 

'-[‘Ti-ir 

The effect of tJie jiairing (uiergy ums not taken int.o account .is it apjajars as a 
fictitious iK'gatJve Q value and tlie Jugh enei’gy end of tlie S|)ec,tnjm is (uit off. 
Tins will malce the lonijiaiison witJi exjieinnent difliciilt as in the high energy 
region Me want to see the effect of volume dii c( t. inl(*i action InstiMd of it we 
performed lht‘ ealeiilataons w ith and w'lllnmt. taking into aciioiiut tJie odd-even 
I'fiaraeteiistie of residual nuclei liy th(; inetliod siiggesti'd )jy Ih'ow'ii aiul Miiirhead 
(1957). 

Nf'irton'u If’vpl density fonrmla 

This sliell dependent hwel sjiaeing fonnuti depi'iids upon iJui densities of 
single particle (ubits ikn'U' the Ftami level in tin* nucleon gas. For ,i nucleus of 
excitation eiujrgy U, wath Z protons and N neutrons. 

exp{S.75-0.40K2(;^ ... (|4) 

D is m ov, V and L in Mev 

Here j Y, are (iffeetive values of j and arc tahul.it<‘d by Newton (l!)5()). 

Nuclear temperature t — [OTT-'-G'-^r/J^ wliere G -- 2.z(_y^v -i j/ | 

a - 0.03772 

The level syiaemg approache.s infinity at /.ero e.xiitation energy whuili is the 
unattractive feature of the NeAHon’s lorniula in our < aJeiilat ioiiH, This may intro- 
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iliKO .SOUK' ('iKjr 111 Uu- r alculi-itionH iih we simply extrapolaiod the curves to zero 
rM jf.ilioii CliinKioii fJitjS) Jmk friven iin improved lormula which does 

/io snioollilv^ to /Old (Ai iliilioTi <‘M(‘i'|zy huf. it. is too coniplicateil. Again, Lho effect of 
jminng i‘iicrg\ \mis imjI t.ikcii inf<> acroniil. 

Inapcniluir Inrl formula 

llci(\ ,)(/!;,) O'ex])- ... ( 15 ) 

mKi'ic is a cojistaiil and 0 is the niudeai tempeiatnre. (/all illations were made 
loi I lie iiriiiiaiv neutron anil pioton spectra, using 1) --- (1.5 Mev, 1 Mcv, I li Mev 
and 1.(1 Me^ . 1’he sli,i])i‘ ot Ili(‘ .speetriiin depends more sen.sitively upon tlic vryue 
ol a as compared to tlie p.i,raine,tei Vi’ m Wei.sskopf's lormula. A. s is hot 
known ]iieeiselv in the ia.se or(a, //p) and (a, 2/i) firoeesses, ciile.iilations were pot 
rairied out for .sei ondarv proees.sc'., 

1 ) I S ( ' r S S I () N \ N IJ K IC ,S U J. ^1’ s 

/’yo/oa .sjiit'lHi 'I’he calculated proton siieetra aie .shown in fig 1 , 2 and 3. 
Alter addiiiL' ihi' dilleiviitial i loss.siation at. 40” to the above curves the resultant 
eui\<‘S aie .sliown in (ig I along witJi the smoothed experimental curve of (jlover 
and Weigold (IlKil) lor lh(‘ sake oj comparison. 1’he folhming points arc worth 
meiil lolling 



— >l’r()lnji ciu'rgv 111 Mev. — >rioton ent i gy in Mev. 

J.i'vol ttiihiu Junimki ; co(l ( V" y^iU. Levi'l dousily tonuiilu . Lung and LuCouteur. 
I'lgui'i' (1) I'iUorgy spi'i-tiii ol jirutons tor Figure (J) Knovgy speetia ot protonis lor 
(It, ji) ami (II, i,ji) jraeiioTis ('uives (a, id ‘>'^1-1 {u, up) reaeUons otttculated 

('Oi'fi'.,poiui to iwu dil'lrreiit vuluets ol whli Lang and Le t'outeur formula, 

‘a’ in llio ^uniile Fi’iiui gas modi*] Oo denotes lurves obtained -wiiliodd 

lormula. oven efCec and tho remaining curves 

aio witliouL odd ovon olfect. 
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(]) 111 the ejise ol siiii|)Ie Peniii gas luoilel forinulii (10), mo used I, lie oxperi- 

nioiilid \'iilue ui rr (;/, py-\ n, pn) imIJkm* tluiii (T(n, py) found liy fecdi- 

mqiu' to eliiuiiiale the unknown ronslanl (' and ]m(- llu' linnts ol the inlegval 
Ivoin zero to Eq as in toinnda (11) Tlu‘ value of llu‘ ealrukiled rr(», J>y \ n, p\i) 
ohtained hy using py) is Loo Iniih. This suggests llia(. tluM’i' may he eoinpeli- 
tion hetw eon proton andy-vay (‘mission even il -'S'!,, wdieii' S,, is the sejia,- 

ration eiua-gy ol neutron in tlie residual nueloiis letl ,ii(,(‘r llui e\ aporatioii of ])roton. 

(n) rjie ealeulaled v'alue of the sjieelr.i on th(' basis ol the aho\ (* foi iimlar 
IS too high on the loir energy region wJiieh is mainly diii* to (a, np) I'lus is pro- 
bably iK'cause used th<‘ sanu^ value* ol the paiwuieter 'u' 1oi the ealeulation oi 

(r(a, id), (T(ii, jjjj) and fj(a, 2a) as lov (r{»>,p). By elioosing suitable value of ‘u’ 
for each reaetion, one uiaa' get beHei lit with the (ixpei luuml . H we use tlie 



— >j’nil(in ('lungy m Mev — >l’Mdnn t in igy L' M iS, (iMcv ) 

) I \'i’l dl’nsit^' rnnnulii Newto Xcevloii 

• — • — # LiiniJj J/f r-iiLenr willi i>i|il even 
clff'cL. 

X X ^ ICxpLiil ijdints. 

.. Jaiijg J^ecut'sir vvitlaiiit oclij iM't ji 
ftf.-cl 

(:^) lOiK'j'gy .sppcliu of pj-ot ms Inj Figiiio (- 1 ) HismIIihiI rfjifi roiil iitJ 
(//, iiml (e, 1 ( af Uojis leatt d Mpfftia f)t proloiiH iluc (o ('ViipooU kjii 

oil III! basis of Xewloii’s fomiuia. unci dncil nilcuicf ion nlon^ widi (lie 

i Xpoi iiiiciil 111 (invo, 'I'Jio Hp(’(‘t ni .sliown 
111 ro ari' c uji idul t'd Ini’ (f 10 , lo cnin- 
jium iMth ox|ioniii('ntid Mirve obl-iiinod 
at file Hfiine angle. 


2 
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Huinc valun of ^ .=: 3 Mov-^ for {n, n') and {n, ^j), the (/i, n') spectrum is exagge- 
rated in the low e,nerg 3 ' region and Iieneo th(‘ {n, ti’p) spectrum. 

(iii) (Jiirv(‘K of Fig. 2 show the various part ial linisa-sectjons calculated on the 
liasis of Lang iind LcCouteiir fonnula witji and without odd even effects. The 
oc-cuj’ve fits ipntt! veil with experimental value.s taking into account the un- 
ccitaiiities involved in the cx[)orimental xioiiits. It is evident that one should 
Like into account the odd even effects. 

(iv) Oiii ves of fig. (3) give tlie various partial cross-sections ealeiilated on 

the liasiH of Kevtoji’s shcll-dejieiident level density formula. Fig. 4 shows that 
Newton’s formula beliave,^ neaily m the same vay as that of Laiig ai^d Le- 
(^MlteuJ■ With odd even effects. ^ 

(v) All the calculated spectra are dolic.jcnt in the high enorgj'^ protons liom- 
pared to the cxpf‘rim(mtal Hpecini This can be paidly due to the dcutoron conta- 
mmut.ion in the cxpi'.rimeiit and jiartly duo to the fact, that the theory of volume 
direct interaction may not take fully into aeeouiit all the instantaneous 
cmissioiLS. 


NeiUron Npectm. The calculated neutron energy spectra on the basis of 
Newton’s and Laiig and LoCouteur’s formulae are sliowni m Fig 5 and 7. 



— >Nt>wiioi Mgy ill Mcv. 

brvol diMi-ily fo-mnlii Lany & LoCuukair. 

Kuorgv Kij^rini uf uoulroiih loi 
(c. n^l) and (^(, tv „) vnlrulati’d un tlio 
or Jaing imd Lc(\>«i.,ur tonmd.t, 
oc dt'iaMi-s curvt'a obf.uiurd with odd 
cvi'n I'iTi'rts JUKI ihi’ ivuunriing furvo.s 
witluiul odd I'von oflouis. Tho 
ordiniittM s to h,> muttipUod hv Jtt to 
got. absoUito vuhie 


— >No\vl,rou (*ncrgy in Mov. 
kovol don sHy formula : Long & Lidlouteur, 
tigiu’o (G) Energy .sjjcotra ol noiitronH duo 
to tho sum ot vanouH i utv % m fig (5). 
Tlio duttod L'urvo ib witb odd oven 
offtad and has boon normahsod with 
I’osjiOft to tin' peak of the oxpori 
mental histogram. "flio urdmato 
should bo inultn)lied by 4‘!r to got 
absolute auiIuc. 
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(i) C/alciiIat-ed {n, an) contribution is quite signiiu'ant in Mi(‘ low onorgy 
region and the coiiiribution of {n, 2v) is quite small. 

(ii) Lang and LeCoutciir’s formula witli o(ld-(‘\cn effects and Newton’s 
formula behave nearly in the same manner for the ease ol' various partial cross- 
sections viz. cr{n, an), (T{n, n'). 

(iii) Calculated value of direct mloraction cross-section for n, iif is about 
four times ns compared to the n, p direct interaction cross-section. The Ixigher 
value in the case of {n, u') is expected because of the collisions between identical 
particles. 

(iv) I’lic I’csultant neutron spectra are compared with the expin’imontal 
curve of iS tel son and Goodman (1951) The experinnaital curve has been norma- 
lized coi'iespoiidiiig to the peak of th(i calculated spectra foj‘ the sake of comparison. 
The vaiious spec.tra are shown in l^^igs, (b) and (7). The sluqies are in rough agree- 
ment, but nothing can be iioncluded regarding the absolute yields. 



— >NouLron onorgy in M<w. 

J.,evel (Uni.miy furinula ; Nowton 

Figure (7) , iilnergy .spertra of iieutronK lor (»i, n' x) and {n, a n) ('aleulatcf] on iho haHis of 
Nowton’.^ formula. The ordinate should be multipliod by 4*77 to gel. nbsohile 
value. 

(v) The neutron spectrum was not calculated by using simple Fermi gas 
model formula (10) because we cannot cbminato C for cjilculating (T[n, an) by the 
procedure used in the case of [n, wp). This is hccause 0 is assumed to bo the 
same for isobaric nuclei. For the same reasons, wo did not calculate the alpha 
particle spectrum by using the formula (10). 

Alpha 2 >article spectra. The alpha particle spectra calculated on the basis 
of Lang and LeCouteur formula with and without odd-even effects and Newton’s 
formula are shown in Fig 8. The following points may be noted { 
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(i) Ah jn llic ol (/t, («'. »') above two forTiuilao duo to Lang 

and i.e('ovi1env ss itli raid-even effects and Newton’s beliavo nearly in the Stame 
manlier and r ajculaterl lolal rT(a, a) is of tlie same order of magnitude in eaell ease. 

(ii) TJu> ( all nlaled value of fr(a, a) is ahoiil live times higher than the expen- 
jiK'nlal value M is surprising that 1h<'‘ above two foianulae whieh give favourable 
results in ease id (ii h') and (a, p) give too high a A'^alue in the case of (n, (x) reac- 



C. M. S. 

- - - - Limg niirl Lc(\jiil(‘ur willi odd ovcii t’lfi't i. 

KcMl.on, 

— . — . Lung LoCoutiMir without odd evon oftotst. 

ICxiiLTimi'uiril. 

t’lguu' (S) 1'ali‘ulatiid miiMgy s|)(M‘lra of aljilius uloiig with the oxponinental curvi' Dotted 
yiorliou oj cui'vo (1) hIiowh tlie cali-uluti'd (a, n' or) ron( nbution on tho hnsis of 
hiuig-Jjo('ou((Mii liiimulii. 'rhe ordinoti* should he miiHijihed by Itt to gel ab.so- 
llllr Villiie 

tion vhieh is supposed to he mainly due to the eoniponnd nucleus Jormation. The 
eah ulaled i-urves have been eompared with the experiment of Kuinabe et al. 
( ll)o7) 111 ligure |S). Tlie doited part of curve 1 shows tlie contribution of o'(?t, na) 
calculated on the basis of Lang and LeConteiir formula. 
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POTENTIAL ENERGY CURVES AND DISSOCIATION 
ENERGY OF THE PO MOLECULE 

C. V. V. «. K. K. SANTHAUAM and P. TIRUVENGANNA RAO 

SpljcTiioscopTc Lahohatcihiks, Di!VAimii3JiT OF Physics, Andiuxa XJniveubity 
Waltaih 

(iieteived March 6, 1962) 

ABSTRACT. Froin the obhOived lioad-hrarl sej3iirttlionM of Uio C'~Xm sys'liem of 
/VM'Liporlod by 1 ho nuthoiH ( 1962). ayiproxirruit-c valuoH of yi,/ and ri/ of tho (J' siatd havo 
boon f'ntimaUuf Polontiiil I'lior^ry purvi's iiavo been drawn /or fho X, B und C lovols of 
pa. Ihobidjli' diHHOt laiion |uoduoi.4 ol l.ho.s(‘ siatoH havo boon diKou.^Hod Tho diHSooiaUon 
onor^V of ihoIocuIh a, OHliinaUid as 6.8 o.v. 

A fitiidy of tJio Mppctniiii of the PO molecule by the authors (1962) excited in 
a luh'U IVociiK’iHy (liscliargo has led to the analysis and identification of two new 
doublet aysteins of bands iii the ultraviolet region designated as G'—XHl, and 
A’' -A'“ll. The liands of tho C'—X sjhstem were observed to be double double^ 
h(‘iided and were accordingly ascribed to the transition (or “A)— ®n. Neglect- 
ing what lu'c likely to be small effects arising fi’om A-type doubling, spin splitting 
and th(3 infiueiice of D terms, approxmiato B values for the vibrational levels of 
the uppei' r' state can bo obtained from head-head separations. Treatment of 
tho branch formulae gives 


i^2,l)/icaa'^{^i)head- g/ 

^^»)head~~{Q'Jhead 

where 7)\" and B./ are the effective i?-\ allies for the ^Ili/a and ^Ila/a sub-levels, 
and 


i?;-j3/(i-5/M), 5/ == j?/(n-jj//d) ... (2) 

and B/ is the true value. Using the true values of the ground state X ®n 
and A the eoiipling constant obtained by Suryanarayana Rao (1958) from the 
rotational analysis of the y system, the effective and values are cal- 
culated according to relations (2). The head-head separations in the intense 
(0,1), (0, 2), (0, 3), (0, 4) sub-bands and tlie derived values ot Bq according 
to relation (1) are show n in Table I. 
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TABLE I 

The head-head separations in the (0,1), (0,2), (0,3), (0,4) sub-bands 
and the derived values of Bn 


v', v" 


Bo' 

Jh^ -Iti 

B'o 

0,1 

10 4 

0 638 

11 9 

0.04-1 

0,2 

11 2 

0.6.39 

10 8 

0.033 

o,:i 

12 7 

0 643 

13 4 

0.043 

0,4 

13. a 

0 642 

13.3 

0 038 


From these an approximate value of was estimated as 0.64 cm“^. 

4. 1061 


value of r'o was then obtained as 1.58 A from the relation = 
(Herzberg page 180), 




The 

xio-“ 



Fjg. ]. Poienl.ial (lurvoH ol th(' X, B and C" electronic HtaiOH of the BO molecmle. 

Using the vibrational and rotational constants of the X, B and C states, 
potential energy curves have been drawn adopting the IMorso relation U{r) = 
j0o+D<,(l— ro)2. These ctu'vcs for the X Hi ground state and the excited 
B ®2(the upper state of the p system) and C (or ®A) states are shown in Fig. 1. 
For the C' state the value of /■^(^re) is used in drawing the potential energy curve. 
The probable dissociation products are given on the right in Fig. 1. 
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A Jim ill of tUc‘ vilmitional levels ol the ground state X gives 

a value oTIlOO i )U ^ (7.1 e.v ) tor the dissoeiiituai energy ol the PO molecule. Ihe 
vihrahonal arjulysis of tlie ji system hy K Dressier (1055) shows tliat the vibra- 
tioniil Je\('ls of llie H slate converLa^ very raj)i(Ily and therefore allow a reliable 
eslimalioii ol this dissocial Jon energy. The linear extrapolaiioii of the vibrational 
,.nei gv levels of Ihe 11 sta le gives 7/o - - 2t000 un-h l^hus the eonvorgonce 
limit of Ihe bands ol the h X system is IjOSOO 1-24000 — 54S00 eni-i or apiwoxi- 
malely 55000 cnr^ above the a" 0 of level. 

A similar evtrapoliition oi the A ibrational levels ol the (' excited state, 
v'bose spaciijgs rh'crease unilonniy, gives a v.ibie for D\ eipial to 25,200\eni“^. 
The coin'ei gems' limil ol 1 lu' bands of the C X system is 43050 |-25.3^00 — 
OSSoUdirh aliove the r" 0 ol AT-lIi level. 

We may now discuss ilu* jnobable dissociation products of the X,B, and 6" 
slides. Tlu' P atom has Ihree low lying states bS' ground state and the two 
-D, “P iiielastable stales The oxygen atom has throe low lying states ■ The 
'^1* groiiml slab' and the metaslablo ami bS' states. The X ground state may 
be e.xjHicled to dissociate into two normal atoms ^*Si(P)-l-’'*J'*(^)' This lowest 
combmation (bS',t-f- ’’7’,,). according to Wignei and Witmer’s rules, gives rise to 
one ' and one II sialic with each of ihe multiplieities 2 and 4. The ’^11 state 
belonging to Ihis eombination c<iii be cairielated unambiguously with the observed 
X -if ground slate of PO. Assuming the validity of noncrossing rule, ihe state 
cun he eorri'lulcd with the observed lirst excited B state which has been estab- 
lished by Nandnhil Singh (1059) from a detailed rotational analysis. Thus both 
the li and X states dissoi'iate into two normal atoms The vsocond exeitod A 
slate of PO ina;\' bo assumed to dissocialo into an excited P atom in a 4.s' orbit 
and uiiexciti'd ^P(O) siiuilai to the upper state of the y system of NO. 

Trom llie observed convergeiieo limit of ,55000 cm~^ of the vibrational levels 
ol lh<' B stale, we may therefore estmiale the dissociation energy of the PO mole- 
cule ah 55000 cm- ^ (G.S e v.) which may be higher than the true value by an 
amount of about 0.1 c.v. The linear extrapolated value of the ground state 
vibiiitional energy levels is 57000 ciii'b The fact that this is 5 per cent higher 
than llie above value can reasonably be attributed to the uncertainty in the 
exlrapolaled value of the ground state. 

The etun ergenci' limit of the T' stale was obtained as 68850 cm“^. The dif- 
lerenee liel ween the convergence limits ol ami B states is equal to 14000 ein~^. 
This cone.sfiomls eillier to iJie exeitatioii energy 11370 cnr i of W state over the 

state ol the P alom or the exiitatioii eneigy 15, 870 cm~^ of above the ^P 
ground stat(‘ ol 0 atom. Thus the (V state may dissociate into cither (excited 
P) i ^P (unexcited 0 ) or bS^ (unexcited P) L- 17 ; (excited 0) As the linear extra- 
polati'd i alue JJ‘q of the O’ state will in general be luglier than the true value, the 
„ true convergence limit of the C' state would be less than 68850. So the difference 
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between the convergence limits of tlie C" and B states is expected to be loss than 
14000 cm~^. Hence the C" state may not possibly dissociate inte (unoxciteil 
(excited 0). Further the C state which should arise from a oi 
term cannot result from this combination, lb may bo leasojuibJe to conclude that 
the 6" state <lissociates into a W (excited P) (unexcited 0). This combi- 
nation gives rise to 3+(2), 11(3), A(2) and (f> states uath laih of multiplicities 

2 and 4. The 6’' state may therefore be identified as a -i; (oi ‘^A) state of this 
combination. The cbffercncc betv'ceii 14000 cm"^ and 111170 em“^ can reasonably 
be attributed to tlie unccrrainty in the linear extra polate^d value of J)'q of the 
6" state. 
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ONE OPERATIONAL AMPLIFIER SIMULATES THIRD 
ORDER SYSTEMS WITH A LEADING-TIME 
CONSTANT 


L. K. WADITVVA anj> JAGDISH CHANDRA 

DRTKNf'l!: Itl'IHKAIK IJ AND DUVELOJ'MKNT l.AnOltATOliy, iJEJ-Hl-d ' 

( III ( eivcit » 1 2>t d •*», 1 *1^ 

ABSTRACT. Tin' pupti ouIIiiu-k n iiicl.luul lor t]ic himukiiion f)f Lhiicl oi'dnv hular 
Hvsl lUM ailli anJy ono (ii>nniliounl nmjiliiuM' 

A |Hii'lii< iiliif clrtt.') of llir Uiud (tidor s;vb1(‘1ii^, tluxt in, synteiUfs wiMi a loading 

liiiio oonHlanl iri ooiiHidoiod m IUih jxipor 

1 ’\v(i bamo ciicuilN oath nuisint.inji: of ano oporat i(in<i.l ninptihoi. /lair on])fioiloj’n and five 
roHiHlarri uni piosnntod Tbo on oui Is nra anal>H<'d luid iho oiindj lions o( pliysioid roulisabjliiy 
disfMiusod and oblainod. 

'Plio dosign rormuliii' and poooodiiro uro also given 
J N 'r R 0 L> IT (J TON 

Iji pri^vioub ooininuniputionR (Wadhwa, ]%]. 1902) on this HuOject throe 
j)artii‘iil(ir oIhshos of ih(5 gonoral third order linoar Rystems were considered for 
Hiiiuilalion with only one oporational amplifier. ^J’lio purpose of this paper is to 
coiiHidi'v another particular class of RysteniR, that is, third order systems with a 
leading tinio-conKtaiU, which are characterised by a transfer function of the form 

.,v 


where a’s and h\ are positive and real constants, and S is the Laplaoo operator. 

In principh', it should he possible to simulate the system of (1) with the aid 
of thrijc capaeitois and six rcsisiorR but. the resulting network design formulae and 
the conditions of physical realisability become somewhat complicated. With the 
1 ‘mploymeut of four capacitors and five resistors, however, the design formulae 
and the conditions of physical realisability become simple and conveniently 
computable. It is primarily with a view to ensuring simplicity and convenience 
that in the networks preseiHed in this paper four capacitors and five resistors have 
been used. 

Of Uif various possible cinuit each employing four capacitors and five resistors 
only tiro will be presented hero; tlicir design formulae obtained and conditions of 
physical realisability discussed. 
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Third order sysiem, smulation 

A network for the aiiuulathm of third order syahMiiH ia aliown in I 
and its transfer function has been shown to bn 


Y,){Y,^ T:yr,-{- r,)+ nfjf, i- y,-\- y,)-i- f, 


\-Y,-\-Y,y\^Y,Y,y, 


... (2) 



Simulation of the system of (J) with the network of Fig. I is possible if the 
acbnittances ( F’s) are properly chosen, and furthennore it should bo obvious from 
(2) that fit least three of the appropriate arlinittances will bo rocpiired to bo purely 
capacitativi^. As already mentioned the use of thvoc^ capacitors givos inconvoni- 
(uitly long design formulae and conditions of physical roahsability while the use ol' 
four capacitors makes these simple and ejisily (tomputable. 


(a) F], Fg' ^^^4 1^0 CfipaciUitive 

A possible circuit for simulating the system of (1 ) is shown in Fig, (2a), in 
which 


>'.-(.9o,+ y 


1 

I 


Fa - SC, 


F, -= SC\ 


F„ = SC' 


Y,-=Y, 





Y,= 


1 

ccR 


... ( 3 ) 
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(b) 

Fig 2. Network for 1 ho simulation of 
iZ<i nn8‘i-\-axS+l 


Subutituting (3) jiitu (2) and simplifying 





[(aTs) ( ?5-) 

Equations (1) and (4) will be identieal if 

W = r, ... (6) 




( 7 ) 
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3 ) (7’rl 7’,)7’,?'. ... (!)) 

where 

Tn^RCu - ( 10 ) 

Now, simulation of the system of (1) with tlie network of Fie;. 2(a) is possible 
only if the values of a. T^, T,, obtiiincd as the solution of (5) through (9) 

arc real and positive. It is required to determine, thorofore, in terms of the given 
real and positive w/s and />’s, the values of a, T.,, 1\ and find the conditions, 

if any, unrler which these can be real and iiositive. 

Elimination of a, !Z\, and from (5) through (9) gives a cubic 

l)-\-aJ{4h, \ 1 - 1 ) 

(56oH-l)T,--rV(4?>o+l)(5Vhir“=-0 ... (11) 

w^hich can have either one or three real roots depending on wdietlier its discrimi- 
nant is positive or negative. 

Nov', as shoAvn in Appendix I, a sot of real and positive a, 
exists, jirovided that 

112 ) 


... (13) 


and, cither 


ho<l 


«3 > 


> 


11261 

3 

3tt36„ 


or 


(U < 


aJ), 


I 


3(46o+l)(a26i~ Sag)-]- 6061 , , , 

6i«(66o+l) ^ ® ^ 


... (13a) 


For the design of the network, ch’cuit component values are required to be 
determined. The proper procedure for design would be to first check and see if 
the inequalities of (12) and either (13) or (13a) are satisfied. The satisfaction of 
these conditions signifies that the circuit of Fig. 2(a) for simulation of the system 
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of (1) is j)hyH]oally rofUjHublo. Tlu' circuit component values may then be obtained 
hy solving ib(‘ cubic of (11) for T^. Since a and arc known directly from (5) 
atid (0) rcKpct'tivcly, then Tg *^^d T,^ may be obtained by solving (7) and (8). Hav- 
ing thus det<Tminerl a, Tj, T^, and choosing arbitrarily a convenient value 
for any one of the capacitors, the value of resiatois and tlie remaining capacitors 
muy bf3 Uien d(»terniiried with tlie aid of (10). 


(b) To' ^ 4 ’ ^ 5 ’ y, CMjMwiUitive 

Another possible circuit for the simulation of the system of (1) is shown in 
Fig. 2(b),'^^whore 


\ 


r, ^ so, 
y, - so, 

Va ■= (SC, f l/S) 

r, = so, 

7, = 1 /aS 


(14) 


Substituting (14) into (2) and simplifying 


^0 


mi) ■ 


3(A.) 

+ tVl) [3(a+-l) I 


Equations (1) and (16) vill be identical if 

ft = “ 

' 3(a-fi) 


ffi 


T _L 

3(a+r) 3(a-fr) 


? T + 2(2a -f 1) 
3 3(a+l)“ 


... (16) 
... (17) 
... (18) ‘ 
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f, ^ 'p rp rp 

*“ 3(a+i) * ‘ ’ 


... ( 20 ) 


'1\ = BO„ ... (21) 

Elimination of a, T^, and r, from (16) through (20) gives a cubiu 

^ -0 ... (22) 

which, aa is obvious, can have no negative leal roots and will have either one or 
three rord positive roots deiiending on whether its discriiiiiiuint A is positive or 
negative. 

Now, as shown in Appendix 11, if 


‘•■"“"l M liU; 1 1 • { “ w’‘ ’ i 


(3tfi— 26i[) > 0 
(wg&i — 2^3) > 0 


}- ... (23) 


then one set of positive real a, and exists, iirovidod that either 


A = 4p3-|-27g2 > 0 
OQ > OB >GP> OA 


OB > OQ > OA > OP 


... (24) 


... (24a) 


But, if (23) is satisfied and 


and either 


OB> OQ> OP> OA y 


... (25) 


or OQ > OB > OA> OP 

then two sets of positive real values exist. And three sets of positive real values 
oan exist if 


OQ>OB 


=. I 

> OP >OA J 


... ( 26 ) 
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where 

J2fW 





(?7) 

1 

_ «2(3ftJ 1 ) 1 r 3rt, +6, 1)1 = 

? “ a/. ‘J M ! n/. ! 


a.,(.16„-( J )“ . a2(*F>(i-l-l )|.lUi-j 1)J 

' " ISfco'' iU86„'‘ 


2 r 3«,+6,(3i„-l) 

27L"“ 66^ ■ J 


To Bumiiiiii'isc, (kerefeno, ir(23) uiid cilhov 


OQ > OB > OP >OA 

(28) 

or A — 4j,'’+27j* < 0 

(29) 


are Halihfu?(l ilu'Ji li is possible i-o simuliilo the Hystem of (1) with the eircuit of 
Fig. 2{l)). The ein uit eojiiponent values may be olitaincd with the aid of (16), 
(17), (22), (20), (IS) ami (21). 
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APPENDIX I 

CONDITIONS UNDER WHICH THE CIRCUIT OF FTCURE 2(a) IS 
PHYSICALLY REALISABLE 

Simulation of the system represented by (1) with the network of Fig. 2(a) 
is possible only if the values of cc, 2\, and obtained as the solution of 

equations 


__ “ 
oc-|-3 


... (1.1) 

= 2’. 


... (1.2) 

-(4. 

)(r.+5'.)+('Jg)r. 

... (1.3) 

-!'.[( 


... (1.4) 

- (4s 


... (1.6) 


are real and positive; where a’s and 6’s are real and positive constants. 

It is, therefore, required to determine the conditions under which a, T^, 
T„ T,, T, can be real and positive; ami graiDhical methods may be perhaps a 
convenient means of obtaining these. 

Elimination of a, and from (1.1), (1.2), (1.3), (1.6) and (1.1), (1.2), (1.4), 
(1.5) give the following two equations 

6or,+(46,+l)2’c = K-Vi) - (1-8) 


(66„+lKT,+6,) (64„+l)(r,+6i)* "■ 

The intersection of the straight line of (1.6) and the curve of (1.7) in the first 
quadrant of the plane will give both and '1\ as real and positive. It 

is obvious from (1.1), (1.2) and (1.6) that the corresponding a, and are also 
real and positive, provided that 

6o<l a-8) 

It should be clear, therefore, that only the portion of the curves lying on the right 
of the Tfl-axis are of interest. 

4 
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The inUireept8 that, the MtnAight lino of (1,0) rnakos with the and Tg-axos 
roHjMJotiveJy, are given hy 


0/1 ( firM* ) ... (1-9) 

on T\ ~ ( ) ... ( 1 . 10 ) 

\ 4f\, 1- 1 / 

winch arc real and, ulho jiositive if 

(ti > boh^ ... ( 1 . 11 ) 

Similarly, the curve of (1 .7) will out the axes at points and Q whose Tg 
and c.oordinales are reapootiv^ely given ]»y 

OP ^ T/ = ( j ... (1.12) 


nr) rp » 3(a./l^ 


Now, if 


(dotj ®'A) ^ ^ 


rigOj 

3 


(1.13) 


(1.14) 


thou the intercept OP is positive and OQ negative, hut if 

(3u 3— Ughj) < 0 


u., < 


3 


(1.15) 


tlion tile iiitercopt OQ is positive and OP negative. 

I'heridore, if the conditions as expressed in (1.11) and cither in (1.14) or (1.15) 
are satislierl t hen it is iiossihlo for a portion of the straight hue and the curve to 
exist in the fii'st. ijuudrant and it may he possible, under certain conditions, for 
tliose tn intersect each otlier at one or inoi-o points in that region. The sketches 
of tho straight lino of (1.0) and a portion of the curve of (1.7) lying on the right of 
the Tg-axis are shown in Fig. 1.1. 
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I liV KH)T,.(d,-ijb,) 
I 4= »'*. 


•'■B- 1 1 . Condition undoi wliuh ilio 
otlii‘1' m the first (juadrant. 


«tra.g]i( hnc and tl,o curve can 


Jiitorsoct each 


It is evident from the sketch of Fjg. 1.1(a) that if mu i i.v 
satisfied and ^ ^ (1-H) are 


OA > OP 

a, > ??A 

... (1.16) 

as seen from figure 1.1(b). if (,,n) n„„ ^us) are enfefied, and 
OB >OQ 


a, > ■ 


(1.17) 
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To summarise, ilierofore, if 


aijd, either 




ttfl > 


<*2 hx 

3 


»2 


or 


... ( 1 . 8 ) 


... (1.10a) 


Oa < 




^ 3(4Z^0"f _L7( ft 


(1.17a) 


then the cireuitof P’lg. 2(cr) for simulating the system of (1) is physically realis^jiblo. 


APPENDIX tl 

rONDITlONS UNDER WHICH THE CIRCUIT OF FIG. 2(b) IS 
PHYSICALLY REALISABLE 

If the values of a, Tg, and obtained as the solution of equations 


''I = n 


a, -^5 7',4- _|_ 2 j, 2(2a+l) 


( 2 . 1 ) 

(2.2) 

(2.3) 


"==■- -si^ - (^-e 


•'»(«+!) 


3(a+l) 


“»= 3(S;-T) W’ 


( 2 . 6 ) 


are real and positive, then it is possible to simulate the system of (1) with the oir- 
ouit of Pig. 2(b). 
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Elimination of a, and from (2.1), (2.2), (2.3), (2.5) and (2.1), (2.2), (2.4), 
(2.5) give the following two equations: 


T = _ 2^3 _ 6&0 rp 

‘ (36„+l) MilV “ 


( 2 . 6 ) 


T s= 2<i,) <*5(3^0 -f- i i 

‘ ~bjb,T, 36,*r,* - > 


(2.7) 


The intersection of the curves of (2.fi) and (2.7) in the first quadrant of the 
T^—T^ plane will give both and as real and positive. It is evident from 
(2.1), (2.2) and (2.5) that the corresponding a, Tg and 7’, will be also real and posi- 
tive, provided that 

60 <1/3 ... (2.8) 

The curve of (2.6) wull cut the Tg-axis (i.e, — 0) at two points A and B 

whose Tg coordinates may be obtained by equating to zero the right hand side 
of (2.6) and solving the resulting quadratic 

Qbo%T,^-boh,{3a,-2b,)T^+2a,{3b,^l) = 0 ... (2.9) 

whose roots are given by 


rp 6i(3flj 26j)di\/5\(3ftj — 2i>j^)^ — ^8a36j(360H-l) 

J 2U.fi) 


Now, A and B will be real, if 

6j(3ai— 2?q)2 > 48a3(36o+l) 


(2.10) 


i.e. 6,<..^_(3„,_2t,)»-| ... (2.11) 

and their coordinates will be positive, if 

(3ai~25i)>0 ... (2.12) 

Similai'ly, (2.7) will cut the Tg-axis at two points P and Q whose Tg-coordi- 
nates are 


„ _ (ag6,-2a3)db V(«2/fr-2«3)^-4«3«>M^)+l/3) 


(2.13) 


and which will be real and positive, if 


{aji)^—2a^y‘ > 4a36i®(6o-f 1/3) 

5 .(ag6i-2aa)*_l 


(2,14) 


and" («,&,— 2o,) >0 J 

Therefore, if the conditions as expressed in (2.11), (2.12) and (2.14) are satis- 
fied then it is possible for a portion of the curves of (2»6) and (2.7) to exist in the 
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ni«t (jiiadnml, tiiid i(. jjiiiy Ijl' jMJHHibJe, iimlor (‘ertaiii fonditionB, for thcflc to inter- 
H(u*t eacli other at one uv more points in that i-egion. 

Kliinination of 1\ from (2.6) «md (2.7) gives a ciiliJc 


T\- 




{3nj-{ 




rp _ 

2 186ft» 


0 


(2.16) 




— ITP— "S' 


1 


I 


T4 = 


(j4,-ab,'t __ tbp 

(3V'l 


(aib.-sJj) =j(5b,+ ') ^ 




Fi >4 2.1. 8kfUlu*H of iho curveH for poHitivp ^ mIupp of Ta. 


TJie real roots of (2.16) give the real points of intersection of tho-eurvos of 
( 2 . 6 ) and (2.7). It is obvious, in view of ( 2 . 12 ), that (2.15) ean have no negative 
real roots, tluM’efore. the curves do not intei'seet at real points on the left of the 
If fliseriniinant A is po.sitive then (2.15) v ill have one real root signi- 
tying that the curves interseet each other at one point on the right of !r 4 -axi 8 ; and 
if A is negative then the eiirves (^an intersect each other at three points on the right 
of J^ 4 -axia. The sketches of portions of the curves lying on the right of the 
T 4 -axiH are shown in Fig. 2 . 1 . 

Now, as evident from lignro 2.1, if the points A and B interlace with the 
points P and Q, such that 


OQ > OB > OP > OA 


... (2.16) 
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then the curves will intersec fc each other at one point in the first quachniit if 
A ^ V-{-27g2 > 0 

and at three points if 

A<0 

Hence, at least one set of positive real a, 7’,„ Tg, T, exist if (2.10) is satisfied, 
irrespective of whether A is positive or negative. 

But if 


and 


A < 0 

OB >OQ'> OA > OV 


} 


(2.17) 


then one sot of real positive values exists, and two real positive sots of values 
exist if 


A <0 

and either OB> OQ> OP> OA * 

or OQ> OB> OA> OP 

where 


(2.18) 


OA = - 26^) - ^ j 

Qn _ — 26^)-|~ — 48^36^(360 - 4 ^ 1 ) 

I260&1 

Qp 2^3) '\/(cta&i 2 a 3 )® 4^361 ®(6q-|- 1 / 3 ) 

26^2 

^/T) (®2^i 2053)+ 2^3)® 40361^(63 "i" 1 / 3 ) 

^ ^ ‘ ~ 2636^2 

^ 3 ^- 1 ) _ 1 [ _ 3 ai 4 - 6 i( 3 &o~l) 

^ “663“ 3 L "660 " J 

_ a 3 (^, 4 . 1 )[ 3 ai+ 6 i( 36 o-l)) 

“ m \ IO8608 

_ 2 r 3 a^+ 6 i( 36 o-l) y 
27 L 660 " J 


(2.19) 
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To summariHc, therefore, if 


Iq < Min 



lUa, 




1 ^ j {a.j>i-2a^)^ __ l\ 1 

'3 ) ’ I' 3l I 


(3ai-26J > 0 


... ( 2 . 20 ) 


(aibi-2a^) > 0 


uml citlior OQ > OB > OP > OA ... (2.16)' 

or A = ip^-\-21q^ <0 (2.21) 

then it iH poHsible to aiinulate the system of (1) with the circuit of Fg. 2(6). 
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MEASUREMENT OF DIELECTRIC PROPERTIES OF 
METAL SULPHIDES 

M. N. RHARMA and S. S. GUPTA 

Dijpaktmiont of Physic’S, Lucknow Univkiisiti, Lucknow 
{lieceivcd June I, I‘J02). 

ABSTRACT T)n)lo(‘tiriG coiihtnnfcK of somo luvaloufc metal Rul])hicloR Imvo bm ii dc'U'J'- 
ininod at radio frequoiicy (7 25 Mc/f) using tlio intdhod of iuixUuth Foi ZnS, Ihu Inm* 
constanl, K. lias bmi ovaluatiMl midil cHiinjiarta wall witli otlic'r dutcurniiiul ions CompitFs- 
ibiljty, loatstraliluri fiaquciic v, coboaivc' omu-gy, loniu [kiIhi laid ion and S/igclis’ aliort nnigo 
coiTOction facior ‘s’, urn subsociuuntly {'aluulatod. Tlic‘ losult.s mu jji good agjx'omout with 
oxporimoiital viduc:iH. 

1 N T H () X) U (J T i 0 N 

W^ienoT (1910) has dovclojicd a foimnia taking into account tho gooniotricial 
shajic of the particles and their mfhience on tJif, distribution of electric field, as 
the dielectric constant ol crystalline powders depends also on the size and shape 
of the particles li’ricko (1924) has modified Wiener s formula and this modified 
formula has been used by us. 

Compress ibi I ity and reststrahlen frequency of an ionic crystal are related to 
tho diolectiic constant and therefore they can be evaluated theoretically. Knrther, 
the force constant can also he evaluated with its help and il the law of interaction 
is known, interaction energy can also be conijnded. Jdielectru* constant data 
obtained experiiiicntally for ZnS only has been treated for these properties, as the 
corapressibilities and reststrahlen frequencies ol other sulphides i.e. CuS, ferS 
and BaS are not known. 


T H E 0 R y 

Wiener’s (1910) formula improved by Fricke (1924) lor the case ol spheroids 
immersed in a liquid medium, latter being continuous and homogeneous, is given 
as; 

eiH-weg 

where e^, e’l and are the dielectric constants of the mixture and of the individual 
components, u is a factor depending on ej, and tlie geoinelry of the particles, 
is the volume ratio of the components to that of the whole mixture. 

Since at radio frequencies and eg are complex quantities, ?i is also LMmijilex, 
u being unknown, it is difficult to solve equation (1 ) , for . Burton and Turnbulls 
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inoUiotl for solving e(|Ufiti(jn (1) for q has been used earlier by Pradhan and Gupta 
(1959), and Slianna, (I ni. (1992). Wo have also used Burton and Turnbulls' 
method. This HlTords a simple and adocpiate apjnoach for determining the di- 
ele<-trie (Joiistants of orvKtullitie solids using the method of mixtures. 

10 X P E Rl M E N T A L PROCEDURE 
'riic mixtures of different sulphides were formed into experimental pastes in 
l,lu‘ Inllowmg way : 

7’he (uy.st.alline sulpiiirle.H were: [lowdcrerl in a mortar and filtered through 
a fine mesli (l()()0 B.S.) 'Hiis supjdies almost similar sized particles which is our 
main requirement. The binding mcdinm was taken to be liquid jjaraffin, which 
has (. 2.202 Jiiid negligible djcloctne loss After efficient stirring homogeneous 

jiastes liaving different known percentages of constituent sulphides were formed. 

'Phe dieloiiiic constants of these jiastes were determined by Hartshorns’ 
method for t]u( imMisiiremenf of jiermittivity and power factor of dielectrics at 
radio frequencie.s, tlic method has been diKcu.s.se(l in detail by Sliarma (1900). 
Dudectnc l ojistaiits of mixtures tlius moasiireil are given in Table J. 

’I'he dieleetru! (joiislants of metal .sulphide.s were evaluated liy the method 
di^Hcribod in preceding section, and aie given m Table III, the constants used 
for tibtaiiiing those dieleclrie constants are given in Tabic TI. 


TABLE 1 

Ihtdect rie constants of mixtures 


IIhS 

Coiir <ji' 

Halt % 


SrS 

Ctinc. (»f 
HUlb % 


ZnS 

Cone, of 
Httlt % 


CtiS 

Cone, of 
anil % 

Cmi 

10 010 

2.H4:i 

10. 100 

2.(152 

10.090 

2 539 

9.003 

2 492 

20 . 520 

3.571 

1 9 , 930 

3.057 

14 730 

2 762 

19.130 

2.767 

2U.OOO 

-1 103 

29.000 

3.5SO 

20.070 

2.038 

27 T 740 

.3 021 

:iu.o(io 

-1 . 003 

.39 090 

4 too 

24 650 

3 . 067 

-10.060 

3.211 

50 350 

5 . 005 


- 

- 


50.030 

3 807 


TABLE II 

Values of 'u and 'x' for metal sulphides 


Cryatal 


SrS 

ZnS 

CaS 

11 

2 476 

1 675 

1 . 050 

1.600 

X 

0.690 

0.500 

0.530 

0.440 




Measurement of Dielectric Propertits of Metal Sulphides 35 

f) O n n E L A T I O N OF D I E L E 0 T E J C CJ O N S T A N '1’ 

WITH O THEE P E O P E E T I E 8 

Tlie dioleoiric proporticy of ionic crystals are connected with tJie conipresaibi- 
lities, rcBtstinlilcn frecpienoics and interaction energies. 

Tlie potential energy E{r) of the crystal per pair of ions can be written as : 


E{r)^ 






( 2 ) 


where, a, is the Madelung constant r is tlic inter-ionic distainsc and Z is the ionic 
valency of the crystal, contains all the rest of the energy winch is not con- 

tained in the electrostatic term. Various forms of ^(r) have been suggested but 
we have taken the simplest form of i.o. 


</>{r) = 


B 

rn 


(3) 


where £ is a repulsive force parameter and n is a Born constant. Bq.(3) does 
not take into (icc.ount the van der Wnals forces as the required data of these force 
parameters are not known. Hence equation (2) takes the form 


E{r) - 


ae^Z^ , B 
r 


(4) 


The force constants a^, used by Krishnan and Roy (1951) and K used by Born 
and Huang (1954) are given by 


K = 2ai ... (6) 

where 




... ( 6 ) 


in Avhich <p'{r) and </)"(r) are the first and second derivative of the overlap poten- 
tial between a positive and negative ion. 

If we consider a uniformly polarized sphere in the absence of an external 
electric field, the only forces acting are due to 0(r) term as shown by Szigeti (1951), 
the Lorentz effective field F being equal to zero, and we can write a relation 
connecting K and fi, (the compressibility) as, 


K = 


3u 


... (7) 


where u is the volume occupied by an ion pair, The force constant K, when 
= -0, is connected with the reatstrahlen frequency 


K == 


Co+2 

6q?“i"2 
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\v}iei‘c* iiiirl f.^ niT Ui(‘ static and lu’gh froijiiency diclecbic constants and m 
is the reduced rnuHS. Krislinan and Iloy (195]) treat this problem in a slightly 
different wav. Ah a result of lattice displawmicnt, therts is a development of a 
lioinogeruMJiiH I'U'ctric ijolari/aition in the crystal and the value of the force coeffi- 
cient A', instead of homg only due to the term will be les.s by an amount pro- 
portional to the force due. to the polarization field. 

From llie jiolarr/.ation, the contrilmtion to the foice coefficient will be 

^ ... (9) 

and the total force coefficient then becomes 

2a = 2 cfj-l- 2 tf .2 = (19) 

Therefore, 

/f -:.w?Wo2-™2a2 ^ 2a, ... (11) 

Utilizing the ev[)crimcntally determim’d values of the fliclectric constant Cq, we 
can evaluate the valu(‘. of the force coefh«-ieiit K, piovided we know the reststrahleii 
iVefjiiency c)(,. 'fluH in turn will enable a determination of the interaction ene!l*gy 
of the undidbrnied crystal as well as its compressibility, TJie values of and 
A’ (from 1 1 and H) ari' given in Tables V and Vf respectively, where they have 
hcen compared aitli otlier detenniniitions. Recently, compressibility data is 
a\'ailahle only for ZnS and hence one could also take the experimental value of 
/i and use it to calculate /C, This can then give the reststrahleii frequency 
using cither equation (S) or ( 1 1). The value of w,, thus computed is given in 
'fahle V^I. Using I'xpenmental W(, and experimental (A theoretical value of 
dielectric coiiHtant (>aii also be computed for Zn8 crystal this value of dielectric 
constant is given iii Table VI, where it has been compared with expori- 
meutal radue. 

The expression for interaction eneigy is given by the relation 


''('■) - I A’- 

'/j(';j — 1) L 2r- r 

where 9 for ZnS. The value of interaction 
in Table V. 


] - ( 12 ) 
energy using equation (12) is given 


RKSVbTK ANM) DISCtTSSION 

The flieloctvic. I'onstants of motal sulphides given in Table HI show that the 
dielectric constant is mnxhnum for BaS and luinimum for CaS, i.e., it increases 
IS the molecular u eight of the ionic crystal decreases and vice versa. This behavier 
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can be explained if we consider the ionic polarization of these ci ystiils. The dielec- 
ti'ic constant of a nialerjal can bo attributed to polarizability and may bo due 
to electronic, ionie or orientation factors. Tin? electronic contribution arises from 
the displacement of electrons in an atom relative to the micleus, i.c,, from the de- 
formation ol the electronic shell about the mu lens. The ionic or atomic contri- 
bution is due to the displacement of a charged ion willi respci’l to the other ions. 
If the substance is built up of molecules possessing permanent electric dipole 
moments the oi’iontation or dipolar polarization occurs. In the case of ordinary 
ionic ciystals there is no dipolar contribution, and ionic contribution is seldom 
larger than the electronic contribution. 

The ionic and electronic contributions can bo separated from the following 
relation; 


... (13) 

where the dielectric constant of the crystal, arises almost entirely from the 
electronic polarizability, n is the refractive index of crystal in the optical range 
(in the electrical frequency range, the dielectric constant aris<>!S from both ionic 
and electronic polarizabilities), and At is the contribution due to ionic polarizabi- 
lity. The value of At for ZnS is gh^en in Tabic IV along with the value of n. 

The magnitude of the electronic polarization is given by Szigoti (11)49) as, 

where c is the static dielectrii* constant, n the optical refractive imlex, the 
infra-red absorption frequency and w, the reduced mass of an ion pair defined 

by, 


^ -f - ... (15) 

nil 

nil ^2 being the masses of the two atoms. Z is the valency of the ions and 
e the electronic charge, 8 is defined by, 

fi, {x) = 8Zex . . . (16) 

where /i, is the dipole moment per ion pair in a spontaneously polarized sphere, 
if a; is the displacement of the two kinds of ions relative to each other. As the 
effective field vanishes in the Lorentz approximation, there should be no elec- 
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TABLE in 

DiiJcftric coiiHtantK of metal sulphides 


( VyHial 

St-ni* t.ur<‘ 

J 're&Piit 

norn una 
Hiuiiig (1054) 

UhN 

NttC'J 

19. 230 


SfiS 

Naf’l 

11 310 



/nS 

^ini'-blonrin 

8.780 

8 300 

( 'uS 

Nttl'l 

0.090 



TABLE IV 

Comparison of ‘S' values for ZnS 


e «“ Afi .S VuluoH 

ProHont tizigetj 
(19C1) 


8.78 .*1 07 A 71 0.510 0 480 


0. js 




TABLE V 

Values of compressibilitT and cohesiv 
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tronid*, iti Uu's easo, and //g ought to be equal to zero. In other words, 

in Lorentz apiuoxuuation /S would be unity 

Kq (H) holfls bel tei tlian e(juation (J4). particularly lor alkali halides as shown 
by Hardy ( IbOO), who liaK given a detailed diseusHioii of Hie importance of relations 
(H) and (N). Tlie elleet. ol equation (14) <‘aii be seen if one uses this relation and 
the exjM’rimenlul tii calculate tlie compressibility Avliich can be compared with 
th<? values given in Table V' based on ecjuation (8). The calculated value of S 
ff)r ZiuS emjiloying cupial-ion (N) is given in Table l\" along with Szigetis value. 
A ljnr agii‘(‘mcnt is obsciwed I’he author’s value is slightly higher than Szigetis 
value sjiowing lhat tbeic is less ovcilap or short I'ange interaction in the radio 
frequency region. 

tlonipariHoii of vai nuis values in Tables V and VT shows that there is a reason- 
able agreemenl betwiaai tlienihelves and also with the experimentally clotennined 
vaiucH. 

A e.omparison of reslHtiahlen frequeney indicates that the value of (o„ calcu- 
laterl by using experimental // is in better agieemont with the observed frequency, 
llius placing eontiflenee in tlie e,vjierimcntal value of //. 

'I’abk' shows that tJie ealeulated value ol /f is smaller than experimental 
fi. 'J’luH IS due to the liud tlial as a result ol increasing electron sharing tlie dia- 
lorlions caused by the neighbouring ions are no longer siillieicntly localised to be 
iiidepeudent of eaeli other. ' 

In view of the fact- that J^JnS l>, less ionic than alkali halides studied earlier 
by iSharma, vt af, (JtHj2), iiiueh importance is to be attached to the remarkable 
agnaunent in the chhc of ZnS lor various properties. It has been mentioned by 
Szigeti that the ex])erimental data for some of the crystals, which ai’c not 

alkali halides, may contain faiily large errors, and this may be the case for ZnS. 
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Plates lA & IB 

ABSTRACT. Tho Dnbye-ycherrer pattoms of crystalH of /i-uliloronaphthalono ai. 
30'‘C imd — ISO^C have boon Ktudiocl and analysed. Ah i1- waH jiof posHiblo to intorprot the 
liattom=i salipfactorily single crystal rotation photographs about r»-axiH luid another zone 
axis have been taken Tlio unit coll has been found to bo diffoiiont from that rojiortod by 
Nouhaus. Tho dimensions of tho unit coll obnorved aro a--7.4fi A, fc — 17.92 A. 0=0.35 A and 
/s = 97”] 5^ and thoi*o arc 4 inoloculca in the unit coll. Tho density calculated is 1.270 which 
iigrecH with the observed value 1.200. Tho space group is P2i/m or 

At — 1 SO^C tho space group reiiuiina the saiue as at 30“C, but the a-aiid o-odges of the 
unit coll contract wliilo the leng(/h along 6-axj8 remains almost unchanged. The dimonHions 
of tho unit coll at -180”C are «=7 28 A, 6-=l7.88 A, c--=.0.17 A and ^ -- 

INTHOBUCTION 

Tho Debyc-Schori'or pattern of tho crystals of /^-chloi'onaphtlialcno was 
studied earlier by Neuhaus (1939) and he found tho crystal to be monoclinic, 
tho dimensions of the unit cell being a = 7.65A, h = 5.93A, c ™. 1S.4A and 
= 103'’. The density calculated on the basis of four molecules per unit call was 
found to be 1.36, but the actual measurement gives the value 1.266 for the density 
at 16'’C. Hence there seemed to be some discrepancy between these two values 
of the density. Also, the cell dimensions reported by Nouhaus does not account 
for satisfactorily all the spacings observed by liim. It was, therefore, thought 
worthwhile to re-investigate the structure of the crystal. In this attempt, besides 
photographing the Debye-Scheirer patterns of the crystal at 30°C and — 180°C, 
single crystal rotation photographs have also been taken by rotating the crystal 
about different axes. The results obtained in this case indicated that the cell 
dimensions are different from those reported by Neuhaus. These results are 
reported in the present paper. 

EXPERIMENTAL 

The compound /i-chloronaphthalene was procured from an old stock 
supplied by Dr. Frenkel and Dr, Land of Germany. It was rocrystallised from 
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Molut'ifjJis ill Ix^nzi^fic. Th<'/ J)cljy<*-ScJien’(3r piittonis due to the crysials at about 
anil altio at lUu l<;in]K*raturc of liquid cjxygen Avcrc jiholograxilied using a 
(iiimera uh«( 1 pr(;vi(JUH]y liy Krishnaiiiiirti (1950). Tlie diiimeter of the camera 
NV'aH del criniiu'fl liy studying witli it tlic Dcbye-iSclicrrcr ])attcrri due to aluminium 
|i()vs(lcr jirul was tuinal to be S.72 cui. Altliougli the siibstaiieo is solid at tlie room 
teiiijieraiiire it was scided iii a Liiidcmann glass cajullary tube to jireveiit raijid 
K.jMimiliori. A iSeifert X-rny tulie running at .‘12 K.V., 20 mA was used to 
liliolograjili the jiatlerns. 

'Pile ('I’VHtals w(Me ill tJie lorm ol flakes and in order to study .single crystal 
rotalwai |»liol.ogr.ij)hs such a irvHl.d was scaleil in .i Lmdemanii gla.ss caiiillary 
t-ube and the plane luces ol tlie flake v\er«> made vertical by mounting the tube 
on a gonionioter heail, AlUu* several trials with different axes of rotation a 
photogr;q»h slmwing luyiir lines was obtained. The Inal was continued with 
different ax«*s in the plaiu' of ilie large face of the flake. Altogether four photo- 
graphs showing layoi’ lines were obiaiiuMl m this way 

Ji K S V I. T S >\ "N I) DISCUSS! O N 

Tlu‘ ih'bye-iS(!hej‘rei patterns and t\ro of the rotation idiotograjjhs aie re- 
profluci'd in t’lgs, 1,2, and 2 and 4, Plates TA aiidlB. The spacings calculated 
iVoiii Dc'bye-Seherrer rings are given in Tables 1 ami U It can be seen that a 
I'etli'Otioii correspoiidiijg to a .s|)a( ing S.OtiA oiunirs in the zero layer imo in both tlfe 
rotation [ihot-ograjilis. As the axes of rotation lie in the plane face of the flake 
tins spacing eorri'sponds to that ol the planes parallel to the large face of the 
i i‘ysliil, Ji'iirlhcr, tliere are some reflections in Fig. 3 along two straight lines 
[lassing through the ceiitud s^iot and making an angle T'dS' with the zero layer 
line', HcMiec it IS assumed that tlie u-axis is vcrticud iii this ease and the angle /? is 
97“ 1 5^ and that the spacing iiieiitioned above is due to planes iioimal to the (i-axis 
This Hjiac ing was taken as lliat due to 020 reflection. The primitive translation 
along u-axis derived from Fig. 2 is 7.48A. The c-axis could not bo located and no 
rotation [ihotograplis about the c-axis could be taken. Table I, howev'er, shoAvs a 
strong retlect i«)n eorresiionding to u s^iacing 3.I75A. Tentatively, this was as.siimed 
to be 002 reflection and the following cell dimensions were assumed for the crystal 
at 30'^(\ 


u 7.48 A 

6 ^17.92 A 97^15' 

c 0.35 A 

This gives four molceules per unit cell w’ith Ihc density 1.270, which agrees 
w'ltJi the observed value 1.2(30 (Cook & Jones, 1953). 

The s])aeings of the i>laiies giving ixjflections in the rotation photographs 
w'ere then determined from the ]K)sition of the spots using the relation cos 20 
^ cos ^ eo.s //, wdiere 0 is the Bragg angle, fi is the angle of elevation of the reflected 
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PLATE I A 



Fig J Dcbye-Sihcrrcr pallcrn of [i -cliloronaphllialciic at 10 C’ 

Fig. 2 Dehyc-Schcirci pallcrn of fi-thloronaplillialene at - I HO C, 

Fig .1. Single crystal rotation photograph of (i-chloronaphthalene about a-axis. 
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PLATE- IB 



I ig. 4 Single crystal rotation photograph about a zone axis 
of 3 -chloi onaphthaicne 



The Space Groups of Crystals of fl^Chloronaphtkalene, etc. 43 

ray above the equatorial plane ancl ^ is the angle made by the direct ray with tl^c 
projection of the reflected i‘ay in the equatorial jdaiic. The prohjible spacmgs 
of the different planes of t]ie cryslal liaAong the cell diiuensions given aliove wore 
also calculated. These are given in Table IIF. 

TABLE I 

Spacings of /^-ehloronaphthelone at from Debye-Scherror 


photograph 


Sr. Nu. 

Visual 

Tnli'nsity 

Spacings 

observed 

Sin 0 by Nouliaus 

in A.r. 

Observed 
spacings 
m A.Li. 

CiiUailaicd 
apupings 
m A If. 

Indices 

J 

VH 

0800 8.95 

8 . 90 

H.96 

020 

2 

VS 

1604 4.03 

4 03 

4.05 

130 

3 

in 

1758 i 44 

4 38 

4 39 

IN 

4 

vs 

2075 3 76 

3 710 

3 71 

200 

T) 

vs 

2425 3.17 

3 175 

3.175 

002 

fi 

w 

.2619 2.96 

2 95 

2.95 

15T; 23T 

7 

V' 

2802 2 76 

2 748 

2 74 

112 

S 

V' 

3307 2.33 

2.328 

2.32 

152 

0 

vw 

.3610 

2. 129 

2.13 

162 

10 

in 

3901 1 93 

1 929 

1 . 93 

103 

11 

in 

.4221 1 82 

1 83 

J . 837 

302 



TABLE II 

' 




iSjiacings of //-chloronaphthaleno at --1S0°C 



yin 6 

SpuemgH Spacing 




anil 

observed calculated 

rndicPH 



InLonsity 

d in A \1 d in A.U. 




.0861 vs 

8 943 

8 94 

. 020 



. 1 078 VH 

4.59 

4.59 

130 



. 1 824 m 

4.22 

4 217 

111 



.2131) vs 

3.60 

3.00 

200 



.252.'5 v.s 

3.040 

3 049 

002 



,2046 w 

2. 91 

2.919 

i5r 



.2905 w 

2.65 

2.64 

112 



.3374 w 

2.288 

2.289 

152 



.3669 vw 

2.10 

2 104 

16^ 



.4168 w 

1.91 

1 .90 

103 
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TABLE III 


Spacings of /I-cliloronai)hihalenc 


Sf. No. 

XiuliooH 

SpuRingH 
in A U. 
r'aloiilatcd 

Spaoings 
>n A.U. 
obyci VRd 

Figure 
Number m 
whicli 
fibserved 

I 

020 

8,96 

8 96 

1,3 and 4 

2 

1 30 

4 65 

4 63 

J and 4 

:i 

101 

4 53 

4 535 

3 

4 

040 

4.48 

4.47 

3 aud 4 

5 

J21‘ 

4.45 

4 40 

4 

G 

111 

4.30 

4 38 

3 

7 

200 

3.71 

3.71 

1 and 3 

8 

220 

3 428 

3.42 

1 

9 

211 

3 33 

3 . 33 

3 and 4 

10 

002 

3 175 

3.175 

1 

1 1 

221 

3 14 

3.13 

3 and 4 

12 

201 

3 07 

3 08 

4 

111 

102 

3.04 

3,03 

4 

14 

231 

2 95 

2 95 

1 and 4 


151 

2 94 

2.93 

1 

15 

1 12 

2.74 

2.75 

1 and 4 

16 

24 r 

2.70 

2 70 

4 

17 

122 

2 65 

2. GO 

3 

IS 

152 

2 32 

2 328 

I and 4 

111 

.32'r 

2.317 

2,317 

3 

20 

1G2 

2 13 

2 13 

1 

21 

103 

1.94 

1 93 

1 and 4 

22 

322 

1 .908 

1 903 

3 

2.') 

172 

1 .880 

1 885 

4 

24 

302 

1.837 

1 83 

1 

25 

262 

1 804 

1 803 

4 


1 1 can bo soon from Talilc III that there is no restriotinn for the general ijlancs 
of indices hkl and hul, but no roflcctioii from planes of indices oho with odd values 
of k has boon observed. Henoo tlie space group is or 

Tha Crystal at -~1H0'’C. 

ft can be soon from a oomjiarison of Tables T and II that almost all tho re- 
flections observed in the Dobyo-Schorrer jiattern of the crystal at 30°C persist 
when tho ciwstal is cooled t.o ~1K0”C, but the spaemgs diminish a little. 1’he 
primitive translation along /i-axis, however, remains almost unchanged when 
the crystal is cooled to although the «-axi.s and the r-axis cmitract to a 

large extent at the low temperature. Tho dimensions of tho unit cell at — 180°C 
are; a -- 7.28A. b -- 17.S8A, r, ^ 6.17A and /? -- 98°53'. 
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Plate II 

ABSTRACT. Tho Haiiuin imcl infiait'd epoctm of 2,4-dichlcro-aiid 11,4-diuhlorobojiKyl 
uhlondo and 1,2,4-lrimcihyl bunzcno liavo boon sludiod and aasigninojils of tho obsoiTod fre- 
quonciPB lo different vibrational inodoH of llio inoloonlofl have Iwon piupupod, Tlio Ratnuji 
fipectift of tlio compounds in the solid uUiU' at —180*^0 have also boon investigati'd In the 
cttseoftJio two iHoinone diehloiobenzyl chlondcfl, aoinc cliangeH in some of tho froquonoios 
of thi' uiolcoulea aro found to tiiko place with solidification of tho liquids, It lios licon con- 
cludod that the 01 atom of (IHaCl group m the 2,4>dichlorobnnzy] cJiloride molecule forme 
weak bonds with H atome of tho noighbouriiig luoloculo, while such hydrogen bonding docs 
not take plttco lu tho case of tho 3,4-iHomoi'. Tho reason has boon dmcusaotl. 

Small rhaijgPH in the spectra aro also observed in the case ol 1,2,4-tnniothyl benzone 
and it ha,s boon concluded that no new interiuolooular bonding takes plaoo m this case at tho 
low temperature. 


I N K O D U C T 1 O N 

TJio Kainan .spectra of a large number of mono- and disubBtituted benzenes 
in tile solid state at low toniperatiu’cs were studied by maTiy,jneviouH workers 
(Biswas, 1954, 1955; Deb, 1960, 1961, 1962; Mukhwjee, 1960) and those of some 
trisubstituted benzenes in the solid state at — ]80''C have been studied by tho 
present author (Deb, 1960). It has been observed that some of the intramolecular 
vibrational modes of the molecides are affected by change of state and a few low 
frequency Raman lines are exhibited by the comiiouTuls at low temperature, 
tho number of such lines depending on the nature and relative positions of the 
substituents. In continuation of these investigations, tho Raman and infrared 
spectra of 2,4-dichloiobeiizyl chloride, 3,4-dichlorobcnzyl chloride and 1,2,4-tri- 
methyl benzene have been studied under tbfforent conditions. The states of 
polarization of the Raman linos have also been determined. Tho results have 

* Communicated by Prof, S. C. Sirkar. 


45 



46 


Krishna Kuma,r Deb 


hwri (1 jhciiss('^ 1 in fJu* papor aiifl an attcjnpf lia,s boon niaclo to assign the 

obs 4 ‘;v<Ml fircpM^rx’ios to apjn'opriato vibrational jntules of the mojecnlos. 

i : X P E Jl 1 M B N T A L 

'Plu' Ii(piifls :2,l-<li(*hlorobcnzyl ohloride anrl 3, 4-(lichlorobenzyl ohloride 
HiijjplMMl by IJghI aiifl C)o., Kngland and ], 2, 4-irimethyI benzene obtained from 
Ka.strjiun Kodak Oti., U.S.A,, were of ohoitiioally j)ure cpiality and they were 
fiirdn-r jjunfh’d by flistdlaf ion undt?r roduoed pros, sure. The arrangements for 
rofoiaiing I lie JhiTiian spectra in tlio licpiid state and in the solid state at — ISC’C 
and lor studying the slate of polarisation of the Raman lines in the liquid state 
W'i'(} the same as llibse user! earlier (Deb, 106b). The spectra wore recorded 
on 11 lord Zenith plains with the help of a Fuess glass spectrograph having a 
(linpersiun of about llA/miu in the region 40471. 

The infrai'od sjieetra of the liquids were recorded in the region fr om 607 om~^ 
to 3600 eiu ’ wilh the help of a- Perkin- Blmer Model 21 speclropliotoiucter with 
NaC3 optics. BjImih of Ihe lirpnds of thi(:kii(‘ss of a few microns enclosed between 
two Nil (3 discs were used in ree<wding the speetra due to the liquids. 

R E S V L T iS 

Tlu' Raman sjicclra are shown in Figs. J, 2 and 3, Plato 11. 3’he observed 
Raman shills of Ihe molecules in the liquid state and in the solid state at — ISO^'C 
are tahiilaled in 3'fd)les T, II and Til. The Raman frequencies of 1, 2, 4-trimethy] 
benzene m the liquid state reported by previous wwkers are also included in 
'Pablo 111. 'Die stale of polarisation of the Raman lines of the liquids are indi- 
caled by Ihe lellers ‘P’ and '!)' which mean partially polarised and totally 
de]»ohinHeil respectively. 

'Phe infrared ahsorptiuii curves of the lirpiids are shoAV'u in Figs. 4, 5 and 6 
and the IVequoucies of the observed bauds are tabulated in Table IV. 

1) I H r V S SION O F R E S U L T S 
(a) Astitgnjnenf^'i of the Roinan linen 

Tlie molecules of 2, 4-dirhlnrobeuzyl chloride, 3, 4-dichlorobeiizyl chloride 
and 1. 2, 4-trimethyl henzeuo belong to the point group C\. Tn such molecules 
the polarised P nuaii frequencies W'ould belong to tlie symmetry class a' giving 
vibrations m the pl ine of the molecules while the depolarised Raman lines belong 
to the symiiiel ry cl is i n" giving vibrations perpendicular to the jilano of the mole- 
cule. 'rental ive assignments of the lino.s are given in the third column of Tables I 
and 11 and in the I'ourth column in Table III. The numbering of the modes of 
vibration has been made following tliat for tho benzene ring made by Pitzer and 
Scott (1943). 

It is seen from Table T, TI and HI that there are four totally depolarised 
Raman lines in tlie spectra due to 2, 4-dichlorobonzyl chloride and 3, 4-cUchloro- 
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(a) Raman spccirum of 2,4-dichloroben/yl chloride, liquid al 32‘C 

Fig 1, 

fbj , „ Solid al- 1 HOT 

(a) Raman ipcctriim of 3,4-dichlorobcnzyl chloride, liquid al .'12‘'C. 

Fig. 2. 

(b) . „ „ „ Solidal-l8()"(' 

faj Raman spectrum of 1.2.4-trimethyl ben/ene, liquid at 32 C 

Fig. 3. 

(b) „ „ „ „ Solid al~l 80' C. 



47 


The Raman and Infrared Spectra of, etc. 

benzyl chloride in the region below 400 cm“^. As the moloeules have no centre of 
symmetry, the ont-of-plane (leg(?nor.'ite mode No. 10 would bo jillo\\'^i)d and split 
up in those eases. The lines 171 and 08 cm of 2, 4-dichloiol)enzyl chloride and 
the lines 151) and !)5cin" ^ of 3, 4-diehlorobenzyl elilovide may tjorrospond to the 
modes 16A and 16B ot benzene. The Hainan lines 210 and 182 tm^^ of tin lir.st 
compound and 250 cm^^ and 107 cm~^ of the second compound probably 
represent the ont-of-planc bending oscillations of both O-Cl and C-H bonds 
corresponding to the modes KlA and lOB respectively. 'I’he modes IGAand lOB 
in the case of 1, 2, 4-triinethyl benzene seem to give the lines 210 and 145 ciu"^ 
and the modes lOB and lOA probably give the lines 287 and 313 cm“^ 
respectively. 


TABLE I 

Raiiuin spectra of 2, 4-djchlorobonzyl iddoride 


Jluiiuin slifl-H. in c‘rn“i 

iSyniiiU'try cI.ihh 

AKHigmaojit 

IV'lodn 

(PjIzcj and Soolt, 1943) 

Liquid fit 
(ProHoni autlior) 

Solid at - 1 80^(J 
(Prt'flcui autlior) 

!)8 (2b) D 

^ 98 (2) 

a" lunduiiu'nlid 

111 13 

171 (3) D 

176 (1) 

a" 

IGA 

IS2(3) D 

183 (1) 

a." 

10 13 

310 (ro D 

207 (lb) 

»» 

10 A 

2.')9 (Ib) V 


a' ,, 

11 (O-CJ 

bonding in CH 2 CI gr.) 

332 (0) P 

335 (0) 

a' „ 

0 A 

390 (4) P 

396 (0) 

a' >> 

9 A 

40J (3) P 

400 (0) 

a' » 

G li 

r,57 (3) P 

557 (0) 

u' ,, 

9 P 

OCO (2) ]J 

051 (0) 

a" ,, 

17 13 

072 (12) P 

cot (10) 

a' ,, 

1 

720 (0) L 

718 (2) 

a." 

17 A 

737 (G) P 

737 (2) 

a' „ 

C-Cl stroLohing m CH 2 LI group 

850 (3) P 


a' 

1 9 A 

1044 (2) D 


u' ,, 

8 A 

1095 (4) P 

1095 (0) 

a' „ 

19 13 

1145 (3) P 

1149 (0) 

a' „ 

7A 

1214(5) P 

1218 (4) 

a' 

7 13 

1265 (S) P 
1206 (0) 

1386 (0) 

1444 (1) 

1265 (3) 

1296 (0) 

a' „ 

OlTs bunding oscillation in CHaCI 
group 

1584 (12) n 

1684 (6) 

a' ,, 

813 

3968 (2b) P 

2968 (lb) 


CHa stretching 
oscillation m CHnC'l gr. 

3065 (4b) P 

3064 (0) 

a' ,, 

CH A olenco oscillation, 

7 13 and 2 fluporpoaod 
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TABLE II 

Banian Kpectra of 3, 4-diclilorol)enzyl chloride 


Hamiui HhiflH in oin~i 

Sj 7 imiotry rlasH 

AHHignmont 

Mode No. 

(Pitzer and Scott, 1943) 

Liquid ul- 

(ProHonf. niiilior) 

Solid at -IBO^'C 

(PreHont author) 

Ofi (2h) 1) 

95 (2) 

a'' 

fundamental 

16 J3 

Ififl (Oh) B 

155 (2b) 

a" 


16 A 

107(5) B 

107 (Ob) 

a" 


10 B 

250 (lb) D 

245 (0) 

a" 

” 

10 A, C-Cl 

bending in CH 2 Cl group 

:i;i:)(0) i* 

33(1(1) 

a' 


0 A 

'125 (:i) r 

425 (0) 

a' 

>, 

9 A 

'105 (H) 1* 

41)5 ( 1 ) 

a' 


6 B 

556 (4) P 

650 (1) 

a' 

„ 

OB 

(101 (1) D 

000 (0) 

a" 

M 

17 B 

080 (10) V 

083 (8) 

a** 

,, 

1 

005 (1) D 

005 (0) 

a** 

M 

17 A 

722 (flb) P 

831 (Ob) P 

722 (3) 

a' 


C-CI strotcbing m OH 2 CI group 

879 (3b) P 

879 (Ob) 

a' 


19 A 

1034 (8) P 

1034 (2) 

a' 


19 B 

1140(8) P 

1140 (!) 

a' 

„ 

7 A 

1215 (10) P 

1217 (fl) 

a' 


7 B 

1270 (8b) P 

1440 0) 

1270 (3b) 

a' 

” 

2 and 8A superposed 

CHn bending oscillation in CHaCl 

group 

1593 (15) I) 

2004 (4b) P 

1505 (fl) 

2904 (Ob) 

a' 


8 B 

CH 2 stretching 

oscillation in CHaCl group 

3000 (flb) J* 

3004 (Ob) 

a' 

” 

CH valence oscillation, 

7 B and 2 superposed 
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TABLE III 

Raman spectra of 1, 2, 4-triiuethyI benzene 


Raman shifts in cm~i 


Asaignment 

Pure liquid 

Holid at iSymjnotry class 

■-180“U 

Present 

author 

Assignment 

Mode No. 

(Pitzer and ISoott, J04ri) 

Juandolt- Proscnt 

Hbmtoin author 

Tubloa (1061) 


148 (2) 

146 (0b)D 

160 (1) 

a" 

fundamental 

16 B 

207 (4,7) D 

210 (4b)B 

212(1) 

a" 

,, 

16 A 

232 (1) 

237 (1) D 

238 (1) 

a." 

,, 

11 

281 (2,0)P 

287 (1) D 


0." 

„ 

10 B 

318 (23,6)13 

313 (6)D 

313 (2) 

0." 

„ 

10 A 

434 (6,4)F 

437 (1)P 


a' 

„ 

9 A 

470 (19,8)P 

476 (6)P 

476 (2) 

a.' 

„ 

0 A 

515 (1) 






637 (1) 

638 (0) 





664 (29,6)P 

668 (6) P 

668 (3) 


„ 

6B 

676 (2) 






603 (1,3) P 






686 (0,0)P 






716 (20,8) P 

719 (3) P 

718 (0) 

a' 

„ 

9 B 

743 (47,7) P 

747 (10) P 

747 (4) 

a' 

,, 

1 

806 (1,7) P 

806 (Ob) F 





871 (1,6) P 

874 (0) P 





924 (14,6) F 

928 (4) P 

926 (0) 

a' 

„ 

10 A 

1023 (3,1) P 

1020 (Ovb) 





1006 (2) 






1124 (4,3) 

1123 (2) P 

1126 (2) 

a' 

,, 

19 B 

1148 (3,6) 






1167 (2) 

1100 (1) P 

1107 (2) 

a' 

„ 

7 A 

1188 (2,3) 






1209 (4,0) 

1213 (1) P 





1243 (33,6) P 

1246 (12) P 

1243 (8) 

a' 

,, 

2 ' 

1379 (26,4) P 

1383 (8) F 

1383 (2) 

a' 

„ 

7 B 

1444 (12,0) 

1448 (4b) P 

1448 (2) 


CH 

bending in CHg group 


1646 (0) 





1676 (6.6) PJ ; 

1682 (1) D 


a' 

„ 

8 A 

1618 (20,0) P 

1620 (8) D 

1616 (6) 

a' 


SB 

2731 (1) 

2736 (1) P 





2867 (3) 

2869 (4) P 

2860 (1) 


CH 

oscillation in CHg group 

2912 (Ob) 

2918 (8b) P 

2911 (4b) 


CH 

oscillation in CHji group 

3038 (3) 

3040 (6) P 

3036 (2) 

a' 

„ CH 

valence oscillation, 7 B 


and 2 supurposod 


7 
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TABLE TV 

Infrared spectra of 2, 4-diuhloro- and 3, 4-diohlorol)enzyl chloride and 
1, 2, 4-trimethyl benzene. Infra-red bands Wave nmnl)ev in 
and Intensity 


2,4-dichlorob(?nzyl 

cihloride 

3,4-diclilorobcinzyl 

ohlorido 

1,2,4-trimf'tbyl 

beiiZLmo 

060 (w) 

060 (vw) 


072 (ms) 

670 (w) 



688 (ms) 

700 (w) 

725 (mn) 

718 (s) 


742 (s) 


742 (ms) 

770 (vw) 


760 (vw) 

822 (h) 

816 (ms) 

800 (vs) 

848 (vy) 

870 (a) 

875 (ms) 

870 (ms) 

906 (w) 

920 (w) 

998 (ms) 

1012 (vw) 

1028 (s) 

1020 (ms) 

1065 (s) 


1030 (ms) 

1101 (a) 

1130 (s) 

1120 (w) 

1 140 (w) 

1190 (vw) 

1170 (vw) 

1210 (w) 

1206 (ms) 

1210 (w) 

1200 (ms) 

1266 (ms) 

1210 (w) 

1272 (ms) 

1266 (ms) 

1260 (w) 

1 800 (w) 

1285 (w) 

1330 (w) 

1366 (w) 



1390 (B) 

1390 (ms) 

1380 (ms) 

1436 (ms) 


1420 (ms) 

1460 (mB) 

1442 (w) 

1460 (vh) 

1406 (ms) 


1466 (8) 

1480 (s) 

1470 (vs) 

1600 (s) 

1646 (w) 

1640 (vw) 

1530 (w) 

1665 (ms) 

1660 (vw) 

1660 (w) 

1663 (s) 

1600 (vw) 

1670 (w) 

2862 (w) 

2866 (w) 

1610 (ms) 

2730 (vw) 

2866 (va) 

2930 (w) 

2900 (w) 

2940 (w) 

2930 (vs) 

2960 (w) 


3010 (vs) 

3060 (w) 

3068 (vw) 
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flOO SOO 1000 1200 1400 1000 1800 2600 2800 3000 3200 

V m cni"! 

Fi(f. 6. Infru-rorl Hpocirum of 1, 2, 4 tnmothyl ben/.ejio (liquid at 26‘’C.) 

The dogonorato .jnodo No. 6 of benzcno roijroaenting the in-platie bending 
o8eillatj<jn of the carbon ring may correspond to the frequencies 332 and 461 cni“^ 
111 the case of 2, 4-diohlorobenzyl ohloritlc and to 333 and 465 cm"^ of 3, 4-dichloro- 
hcnzyl cliloride. In the case of 1,2, 4-trimethy] benzene the modes 6A and 6B 
probniily give the lines 475 and 558 cm~' respectively. The frequencies corres- 
ponding to the modes 8A and 8B may account for the lines 1044 and 1684 cm“^ 
respectively in the case of 2, 4-dichlorobenzyl chloride. The lines 1593 cni~^ in 
the case of 3, 4-diehlorobenzyl chloride corresponds to the mode 8B and the 
frequency ooiTosponding to the mode 8A is probably superposod on the mode 
No. 2 of benzene giving a strong and broad line at 1276 cm"^. The lines 
1682 and 1020 cm"^ in the ease of 1,2,4 trimethyl Benzene probably account 
for the modes 8A and 8B respectively. In the last case, in the mode 8A, 
the two diametrically opposite CH groups may bo displaced simultaneously 
towards the centre of the molecule and in that case the freuency will not bo 
much different from that of the corresponding mode 18B of the benzene 
iiu)lecide. 

The superposition of the modes 7 A and 2 give rise to a pure CH valence 
oscillation in two dianietrioally opposite C-H groups in the three molecules and 
gives the lines 3065, 3060 and 3040 cm" ^ respectively in the three cases. The 
CHj valence oscillation in the CH2CI and CH3 groups give the lines 2960, 2964 
and 2918 cm~i respectively. The other lines arc assigned t.o diffcarent modes as 
shown in the Tables. 

(b) Ohxinges in the Raman spectra with the soUdiJication of the liquids 

It can bo seen from Tables I and 11 that when 2, 4-diohloro and 3, 4-diohloro- 
benzyl chloride are BolidiHed aird cooled to — “180®e, 'tlie RamU-n lines 332, 1266 
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and 3066 om“^ due to the former liquid and the linea 197, 333 and 1034 duo 
to the latter liquid become much weaker. Probably, those linos being highly 
polarised, they are partly absorbed while traversing the polyorystulline mass. 
Further, in the ease of 2, 4 dichlorobenzyl chloride the lino 672 ciii~’ shifts to 
664 cm“^ with solidihcation of the substance. This may be due to the formation 
of a weak bond between Cl atom of the CHgCl group and hydrogen atom of the 
neighbouring molecule. In the case of 3, 4-dichlorobenzyl chloride, however, 
no such shift of the line 680 em'^ takes place. This may be explained on the 
assumption that the Cl atom in the CHgCl group is attached to the adjacent H 
atom in the same molecule so that it is no longer able to form intermole- 
cular bond. 

Small changes also occur in the case of 1, 2, 4-tTimothyl benzene as can 
be seen from Table III. The lino 1160 cni'^ corresponding to the mode 7 A sliifts 
to 1167 cm~^ and increases in intensity when the compound is solidified and 
cooled to “180°C. Also, the lino 210 cm*"! due to a C — K out-of-plane bending 
oscillation becomes weaker under similar condition. Those changes arc obviously 
due to influence of crystal field on the molecule. Tlie electronic spectra do not 
undergo any drastic change with the solidification of the liquid (Misra, 1962) 
and therefore, no new intcrnioleculor bond-forniution takes place in this case. 

A 0 K N 0 W b E B G M K N T 

The author wishes to acknowledge his eved' grateful indebtedness to Prof. 
S. C. Sirkar, D.Sc., F.N.l., for his kind help and inspiring guidance throughout 
the progi’ess of the work. 
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INTERPENETRATION OF TWO IONIZED GAS CLOUDS-II 

V. B. BHATIA 

I'iKPAHTWlONT OF pTIYfilCS, S. D. (^OI.TjEOE, NeW DeLHI-D 
AND 

J. N. TANDON 

DeFAHTMENT of PhYSD'B, tlNIVERSITY OP DELIII, DELHI-C 
{Reesimil January 4, 1062) 

ABSTRACT. (iountiOrHtroaming (»f two ionized gas clouds liay been oonsiderod by 
tuUiiig accdiinli of tlio gas proHHui'OH of tbn two r*loudH. Ji is shown that tlio counterytrooming 
M'il). in gonoml, Ix' unHlnhh* 


INTRODUCTION 

C()untorHlr(‘iuning of two ionized gas (doiids has boon the Hubjeot of invosii- 
giiiion in roc.enl years (Kahn 1957. ParkciV 1958, Tandon 1961). [t was shown 
that the oonnt.i'rHtreiiining, in general, is uiifttablo cxiiOjit when tho density of one 
of t he streams is extremely low as Oomparcd with that of the other , Kahn suggested 
that, the eounterstreaming will be stopped because of this instability and a shock 
will ho generated. Alternatively, Tandon (hereafter refoned to as paper I) is 
of the ojnnion t hat, tlu^ eount erstreaming will not atop but tho double stream will 
break into small clouds of space charge with a maximum length given by 


, ^ / ■ nmM lP 

y M) 


W 


when the two oloiids are of equal particle density Nq and are moving in the opposite 
dirocthms with the velocity U. 

There is no experimental evidence to support one view or tho other. How- 
ever, tho recent satellite observations (Arnoldy et al. 1960) showing that the outer 
radiation holt disrupts during a magnetic storm and that the intensity of radiation 
m the outer belt is much higher (about five times the pre-storm value) near tho end 
of tho storm which stays at this value for about 8 to 10 days before it begins to 
doeveaso. seems to s ipport indirectly the view's developed in paper I (Tandon, 
unpublislio(l). 

Karlior authors did not consider the effect of gas pressure which in many 
situations (solar ion streams, laboratory experimentation) is of considerable 
signtfieaiKie. In this note w'e discuss the effect of the pressure of the two streams 
oil the stability criteria. It can he easily seen from paper 1 that the protons do 

H 
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not appreciably change the stable length. We, therelore, assume tliat the protons 
provide a uniform back-ground of positive charge because f)f their Jieavior mass, 
although it may bo mentioned tJxat this assumption may not alvi ays liold good. 

C 0 U N T J2 11 S 1’ It Ifl A M 1 N G OF CLOUDS 

Following paper I we suppose that a completely ionized neutral gas cloud 
of initial uniform cieiisity electrons per cm^ is moving with initial uniform 
velocity Fyj. Let a similar stream with density electrons jicr cm“ be moving 
with a velocity -Vn- We shall further assume tluU the i-emperatures of Uie tw'o 
gas clouds are the same and tliat the particle collisions are negligible. 

After the interaction there will be perturbations in the densities, velocities 
and pressures. Assuming isothermal changes, let the perturbations be given by 


— -^ 01 •‘^3 '^03 H ^^3 

... ( 2 ) 

^2 ■— ~ ^02 + ^2 

... (3) 

where the small quantities denote the perturbation values 
order . 

which arc of the first 

The basic equations are the equations of motion 


[I +(1^ gm\)]v, = i gi'ud 1 .. 

... (4) 

[|-|-ir,-grad)] 

... (5) 

and the equations of continuity 


[l+Cri-grad) ] div f’, = 0 

... (6) 

[^+(r,-grad)] div F, = 0 

... (7) 


where and are the electron gas pressures of the two clouds respectively, 
which are given by 

Pi = NJcT and pj — N^hT ... (8) 

and the electric field E is given by 


div E =5= 47re(»ti'f 1 ^ 2 ) 


( 9 ) 
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tCJumbiiiing oqntttiuiiH (4) and (6) with the equations (2), (3), {6), (7) (8) and (9) we 

[ dl * ^ ~ ~ ^ ■ • ■ ( 1 ^) 

••• ( 11 ) 

whoro o), -- I j * and Mj — ^ plamna froqueiiidos 

^ \ 7H / \ m f 


arc the Newtonian wound velocitiew.' 


and 


AwHuming the solntuinw of (l(i) and (11) of tlie foi'in e^'"*+** , mc have 

{|6)d (V„.4]M- - «,») »o, = o.iX* - (12) 

«*»} «02 = “s’* »o. . - (13) 

Kluiiiiiutirig and Moa fi'oni (12) and (13) wo get tho dispersion relation 

= 0 ... (14) 

we now put 


(16) 


— > — ♦ 

1^01- I'o, - 2F 
p = co + F-ib 
ft = U-k 

and get the simplified dispersion relation 


{p“-n*)"-(«iii*+“a'-Xi“-Xi')(p*+n»)+2pn(V-“»’+zi“-Xi’) 

-(*i*««'+Zi*“i’)+Xi*Z2’ = 0 ■•■ (18) 
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where 




... (17) 


Equation (1(5) is the general expression for the diHjieision relation. 

In onler to get the physical insight, we assume that the two clouds Jiave tlu* 
same electron density. Thus — cog* Wo* (say) and y," Xi - A'‘^(**“'y) 
equation (1(5) reduces to 

y--2//^(n^+»V-y2)^_jj4_2Q2(<_/)-2/(c;''^^ {) ... (IK) 

which is quadratic in p^. 

For very low values of gas pressure, it i-an easily ho seen that y* is negligibly 
small. I'lius we have 


P* + :2V)- -■ (l«) 

This is a similar expression as derived eailior in Paper 1. From e(|uaiion (IH) 
it is evident that for all real value.s of k, p is complex when 


either 


< -V-x* 


( 20 ) 


' 

4(X^-V) 


( 21 ) 


showing thereby that the counterstroaming will be unstable by overstabihty. 
It appears, therefore, that the counterstreaming is always unstable. The fluiir 
tiiations of protons will not change these conditions considerably. This, therefore, 
does not change basically any of the results deduced in Paper I. 
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DJiPAliTMBJNT 01’ SpEOTJlOHroxiV, 

Hanaras Hijijju Univijusity, 

A^\i{ANAsi-5, 

(A'cccii'eJ June <1, H)Ii2) 

Plair HI 

ABSTRACT. Tln> fliitW’M-wu'H and PimhHnm Hjii'flru u1 huihgUi vh]Joup liavc Ik’GU 
j)]iotogmi)hod in Uio ju'iir ultravjolot. j-pgion, TIip i-wo npr’fUa tin* ('ijini)arGd luid Ihoir vjbra- 
tjmiul Hlructiirc' Jins br'('n disfusHod an t,ir Imsis of IS gru\ind Hlaio IrGquojH'ii'H obw'i'vi’d in 
iho finorosconi-o sjHH'lruni and 15 ground ulalP and 7 OMMicd aUito lrc(j[UPii<‘,u*H obfiorvcd in Uio 
t'lniHHion Hpootruni. 

1 N T It 0 1) u trr j u N 

'J’lu! pmsont piipev (IcrIk \Yilh tlie iiiYPHtigntion ol' Llu‘ fluorcHcomip mid oiiiiH- 
Mioii speotM of Miiisoln vapour. A jiroliiiiinary report on the fluorosconne Hpectruni 
has already lioeii puldislied (Prakash, l{h>2) The duoresoeneo was excited by 
eoudensed manganese sjiark lines and it lies in the near ultraviolet region, 
'riio enuHSion spcetiTim ol the molee.ule lirst photographed by iSingh (195S) 
in this laboratoi'y was excited by ti’ansfornier discharge, This spectrum also 
lies in the near ultraviolet legion, but is more extended, Botli tJie proeessoss 
involve transitions from an excited electronic state to the various vibrational 
levels of the ground electronic 8ta,te. A eoiuparative stmly of the two spectra 
has provided better iiiiormation about the vibrational structure of the states 
involved. 

I'] X 1' E K 1 M E N T A L 

Fluorescence spectrum 

The fluorescence spectrum of anisole vapour has lieon recorded following 
the tcehniipie of Bass and Sponer (1950). The exciting source was a condensed 
manganese spark working at J5000 volts draMm from a llilgor 1/4 KW transformer 
with a condenser of ciipaeity .05//F kept in the circuit parallel to the spark gap. 
A horn shaped fluoresetmeo cell of pyrex glass fitted with three quarts! windows 
was used. The liquid was obtained from E. Merck, Darmstadt and was of their 
extra pure quality. It was used us such without further purification. The 
liquid at room temperature was contained in a small bulb attached to Ui side tube 
of the fluorescence cell. The vapour pressure of the chemical wiis about 7 to 
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H mni iiuircury. The oxciting imliation waw focunHcd on the ontrance windoM' 
liy a nKoi'I focuH (juaHK Iciih. A concave jniri’or wilk a wide aperture was used 
at the hack of the spark soureo In increase tlie iritcuHily of the exciting radiation. 

Tiio fluorescent rafliation w'as received in a rlircction at right angles to the 
incident bt^ain and was ]»hot(»grapheil on the Hilger niediuin quartz spectrograph 
liavn'ng an ajierture f/i2 uiifl disperujon of 13A/niiu in the region around 2700A. 
3'he cell was placetl very close to the slit of llie spcctrograjih. Tlic intensity of 
the. liiuiresccnt radiation was further increased by placing a plane mirror behind 
the cell and facing the slit, of the spectrograph. Kodak 11-0 plates were used and 
an exposure of JIO hours was found Mifticient to record the spectrum with a slit 
widili of 35 microns. 

Emission Sfiactrum 

The eniiHsion speetnun of aiiisole has been obtained by uncondensed trans- 
former discharge through flowing vapour I’he usual n type discharge tube, 
75 cm. I(»ng, tit ted with internal alnmniium electrodes was used. Tlic tube was 
sealed off at one end and the other end was closed with a cpiartz window. A bulb, 
containing licjuid an (sole u as al taclied to th<* discharge tube through a nail trap. 
This servefl to control the flow of vajiour in tlie diseharge tube The tube 
was evacuated by means of a vacuuin pump through a XT-shaped glass tube ^ 
kcjrt iinmiMsed in ice and salt mixture to condense the vapour coming from the 
discharge tube. At a regulated Ilow of the vapour a light blue discharge 
was louiifl to i'luil, the bands This tyjre of discharge was maintained throughout 
the expta’imenl by eontrolliiig the output of the Irajisformer at about 3000 volts 
by means of a variac, put in the primary of the transformer, 

The speidrum M as photogruplied on Zeiss metliiiiii quart-z s]>ectrograph with 
slit width of 35 microns. Kodak ll-f) plates were used to photograph the spectriun 
with different times of exposures varying from I to 4 liours, 

l< R s IT L T S 

Hoth the fluorescence and enii.ssion spectra reproduceil in Fig 1 seem to 
bo alike and lie in the region 2700 a to 31 00 A. Tlic bands m the emission spec- 
trum arc sharjier and more oxtoiuled than those in the fluorescence spectrum. 
The bands in both the cases aie red degraded and are masked by a strong 
continuum eovoriiig the entire region uf the spectra The intensities of the 
bands on the sliortor M'jiveleugth side of the apei'trum have been reduced due 
to self-absorption by the unexcited vapour lying near the window. 

The bands M'ere measured using Hilger L7fl comparator with a least count of 
.001 nun. The Avnvenumbei's are accurate up to cin-^ for fluorescence bands 
and up to ±5 oin“* for emission bands. 

The fluorescence and omission bands are collected in Table I, together with 
their M’a von umbers, the intensities, the separations from 0, 0 band and their 
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assignments. Tke figures in parentheses give tlio (iiflorence in ■\vave-niuubers 
between the observed and assigned values. The notations used to indicate the 
intensities of the bands are a, a follows 

vw^very weak, w-weak, mw-inediuni to veak, in-inedimn, nis~niediuin to 

strong, a-strong, vs- very strong, d-diffuse, b-broad. 

In Table II, a oompariaon between the fundamtMital ground state frequencies 
observed in fluorescence, ojuission, absorptu»n and Uainan spectra is given. 

D f S (.' 11 S 8 1 O N 

11 we take OCH3 to behave like an atom X, the approximate symmetry of 
anisok} is I’hough this i.s not rigorously true, it serves our purpose to 

exjilain the gross structure of the spectrum. From the work of Sjioner and Teller 
(11)41) it can be c-oncludod that the spectra of mono -substituted benzenes 
observed in the ultraviolet region corresponds to the electronu! transition 
between the totally .symmetric ground state (^j) and a non-totally 
symmetric excited state In an allowed transition, we expect strong 0,0 

band, whicli, however, in onr case has appeared as a self-absorption band. We 
further exixict sti'ong totally symmetric vibrations (n.]) and weak noii-toially 
symiuetric vibrations {o^ and /q) to appc‘ar in our spectra. The non-totally 
symmetric vibrations {Lj,} should occur with <wen quanta only and in conibimi- 
tion with non-totally symmetric vibrations {a^ and /q), 

Tlie strong abs<jrption band duo to sclf-absorjition at 3flfl80 oiu~^ in the 
fluorescciKc sjiectruin or at 30387 cnj~' in the omission spectrum is purely due to 
an electronic transition and is taken as the 0,0 band in the present analysis. This 
is in agreement with the value 36389 enr ^ measured in ultraviolet absorption 
(Sroeramamurty 1 950) spectrurn . 

The anal3’'8i8 of the fluorescence bands shov's the following ground state 
frequencies : 265, 450, 522, 555, 611, 788, 818, 1000, 1029, 1178, 1250, 1310 
and 1597 cm~^. A similar analysis of the emission bands sliows all the above 
frequencies observed in the fluorescence specti'um with an addition of two fre- 
quencies, namely, 209 and 1065 cm^h Other frequencies are 265, 448, 620, 661, 
615, 786, 820, 996, 1023, 1180, 1251, 1302 and 1699 cm^i. These correspond well 
with values mentioned in the case of fluorescence. 

The frequencies 788, 1000, 1029 and 1250 cm'^ in the fluorescence are corre- 
lated with 785, 996, 1023 and 1251 cm"^ in the emission siiectrum. They are 
excited strongly and are observed in combination and overtones. This has led 
us to believe that they are totally symmetricj vibrations. The corresponding 
Raman freqnoncios (Kohlrausch and Pongratz, 1934) are at 781, 991, 1020 and 
Iij)44oin~^ respectively. The vibrations^-^TBS and~ 1261 cm~' in our spectra are 
X sensitive corresponding to the frequencies 785 and 1210 cm~^ observed in 
toluene (JPitzer and Scott, 1943). The frequency -*-'996 is the strongest and 
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(jorTeNjumds to hrciithing vibration. The viiiration -^1023 cm“^ in clue to 
C’H in-plane bending viliration. Thin is mfcrrcd by comparing with frequencieR 
1024, 1020 and 1030 ciu"* occurring in phenol (Kvans 1000), aniline (EvanR 1960) 
and toluene (Pitzer and tScolt. 1043). 

The vibralioiiH 117S, 1310 and I5r)7 car* ob, served in the fluorcsccnee 
R])ectriini also fjcein in eiuission with (lie values IISO, 1302 and 1599 em”^ 
rcjHpectively. The true intensities of the bands involving these vibrations cannot 
be visualized as the banrls liave been coni()h*tely masked by the strong continuum 
predominating in that region These cam be correlated witli fiequeneies 1177, 
1209 and 160.3 cm ’ in the Hainan spectrum. 33ie frecpieney I ISO can be assigned 
to (j — H injilaiie bending vibration of type by analogy with the frecpiencies 
1170, 1176 and 117S occurring in ]ihenol, iiinUne and t-olueno respectively. The 
remaining Iwo vibrations lie in the region nf ()--0 streiclimg vibrations, but tlie 
spectra do nut give any definite inlormatinn about their sjieciies. 

A very w<‘ak frequency 1065 cm ' lias b<*en reconled m emission speetnnn. 
It finds the projier corndataui uilh the lre(|iiemy 1072 enr^ in the llaman 
Hjiectnini 

A nu'diuni to M'eak frequency SIS cm-' in the (liioreHccnce or S20 cm-^ in the 
emisHion speetnim is (.orrelated with the frequency 816 enr^ in the Raiiiart 
spectrum. 33iis Ireipiency is (‘xpected to lie a (h-H oiit-of-jihine bending 
vibration, split out of S49 e^,“ vibration of benzene. 

33ie weak frc*(]iienciy 61 1 cm~' in the lluove.scenco or 614 cm-'^ in the emission 
spoetrnin is the non-tot ally symmetrie pait of 606ej,i- vibration of benzene. The 
eorresjionding part in the Haman spectriim is at 012 cm“'. 

A strong vibration 551 cm“' ooenrs m the emission spectrum and is also found 
ill Crombiiiatioii with totally syninietrie vibrations This may be taken as a funda- 
mental vibration, but no coiTesponding frequency 111 the Itamaii spectrum is 
reported. It occurs in fiuorcscenco Milh vcnxker mteiisitv. 

riie freipiencics 520, 44S, 2t>5 and 209 cm ' aie observed with weaker inten- 
sities in the emission sjiectrum. 'fhey lii* in the region of self- absorption and no 
definite information about their speews could be gathered from the spectrum. 
They are coirelateil with frequencies 529, 441, 264 and 210 cm-' in the Raman 
spectrum. In tlie tluorijscence spectrum they are more uncertain. However, 
the two low vihral ious 209 and 265 cni“' may be assigned to bonding modes. 

The emission spectrum also extends towards shorter wavelength side of the 
0, 0 hand. The bands appear due t-o sell-absorption and involve the excited 
state frequencies . 184, 252 495, 522, 759. 934 and 954cm-i. 

The freiiueneies 30, 56 and 230eiir' observed in the fluorescence are in clo.se 
agreement with tlie value.s 28, 58 and 230 cm.-' 111 the emission spectrum. They 
are assigned to difference freipieneies arising out of 1-1 transitions of some 
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TABLE I 

Fluoi'cHL'once and cinisRioii bands of anisole 


FluoroHOtmoo spoi'irum KmiHHiou 


Wavo- 

numbor 

sity 

Spjjara- 

tion Iniin AsMignm<‘ni 
0,0 

Wave- 

miinliiT 

sity 

(SHpillW 

1 ion 
from 
0.0 

1- 

AHHigmm'ul 





37341 

111 

954 

0-i 954 (0) 





37321 

m 

034 

0 1 934 (0) 





37140 

in 

759 

0 h 759 (0) 





37111) 

im\' 

732 

0 1 759-28 (1) 





37087 

w 

700 

0 1-759-58 (-1) 





36909 

m 

522 

0 -t 522 (0) 





36882 

m 

495 

0 1 495 (0) 





30847 

mw 

460 

0 1-522-58 (4) 





30812 

vw 

425 






30752 

jnw 

306 

0-1 2x184 ( 3) 





36678 

w 

291 

0-1 622-230 (-1) 





30639 


252 

0-1 252 (0) 

ao.'tso 

VH 

0 

0-0 (0) 

30387 

VH 

0 

0-0 (0) 

:w:irjG 

H 

-30 

0-30 (0) 

36359 

in 

- 28 

0-28 (0) 





30351 

w 

- 30 


msn 

» 

-50 

0- 50 (0) 

30329 

niHb 

-58 

0-58 (0) 

:iG2i)9 

W 

-87 

0-50-30 (-1) 30299 

nnvb 

-88 

0-58-28 (-2) 





30291 

vw 

96 

0-614 -1-522 H) 

:W2GG 

W 

-120 

0-2x60 (-8) 

30272 

niw 

-115 

0-2x58 (1) 





36242 

vw 

145 






36178 

vw 

-200 

0-209 (0) 

:UilG3 

mw 

-233 

0-230 ( 3) 

36158 

m 

-229 

0-230 (1) 

3G121 

vw 

-205 

0-266 (0) 

30122 

vw 

-265 

0-265 (0) 





35973 

vw 

-414 

0-2/209 (4) 

35930 

vw 

-450 

0-450 (0) 

36939 

vw 

-448 

0-448 (0) 





36927 

vw 

-460 

0-2/230 (0) 

36864 

vw 

-622 

0-622 (0) 

35809 

vw 

- 518 

0-520 (2) 




0- 2x230-60 




0-2x230-58 (0) 




(-6) 




35631 

mw 

-555 

0-565 (0) 

36836 

m 

-651 

0-051 (0) 





35812 

vw 

-575 

0-551-28 (4) 

36775 

w 

-Oil 

0-011 (0) 

35770 

w 

-617 

0-614 (-3) 

35762 

vw 

-634 

0-611-30 (-3) 





35718 

vw 

-008 

0-011 - 50 (-1) 36720 

vw 

-667 

0-614-68 (5) 





36686 

vw 

-702 






36648 

vw 

-739 


3560B 

nis 

-788 

0-788 (0) 

36002 


-785 

0 -785 (0) 

36568 

mw 

-8J8 

0-818 (0) 

35567 

niw 

- S20 

0 -820 (0) 

36542 

w 

-844 

0-788-60 (0) 

35640 

w 

-841 

0-785-58 (2) 
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TABLEI I (confd). 


FiviowjiCL'rMJf’ spt’rtrum KmiciBion speotnim 


Wavo- 
mini 1 ) 1 'r 

Tnt< ri- 
nily 

vSopaifi- 
tinn Irnin 
0,0 

Wttvo- 

AHHigniiiunt number 

Xnten- 

fsity 

Separa- 

tion 

from 

Assignment 







0,0 


rifiriOO 

w 

-880 

0-81H-50 ( -«) .36.508 

vw 

-870 

0-820-58 (-1) 

;tr>4H(i 

w 

-900 

0.-788_2x 

36491 

vw 

-896 

0-786-2x68 (6) 




50 (0) 





:»r,4is 

vw 

-- 998 

0 .522-4.50(4)3.5417 

w 

-970 

0-448-620 (-2) 


vw 

- 989 






asitHO 

mu 

- I0(t0 

0- 1000 (0) 

35391 

ms 

-996 

0-996 (0) 

imm 

in 

- 1029 

0- 1029 (0) 

35304 

m 

-1023 

0-1023 (0) 

;iriri;io 

inw 

-1059 

0 1009-60 (0) 36338 

w 

-1049 

0-996-68 (5) 





36322 

vw 

-1065 

0-1006 (0) 

mm\ 

niw 

- 1080 

0 1029-66 (5) 3.5306 

vw 

-1082 

0- 1023-68 (-1) 

30279 

\v 

- 1107 

0 1000 -2 X 

35270 

vw 

-1111 

0-990-2x58 (1) 




56 (6) 





.'10200 

vv 

-1130 

0-011 - 

35247 

vw 

-1140 

0-1023- 




622 (-3) 




2x68 (-1) 

;i02O8 

w 

-1178 

0-1178 (0) 

35207 

w 

-1180 

0-1180(0) ' 

aoi(j7 

\v 

-1210 

0 -2X611 (3) 

35102 

w 

-1226 

0-2x614 (3) 

aoiaa 

AV 

-1260 

0-1260 (0) 

35130 


-1251 

0-1261 (0) 

.^01 OH 

W 

-1278 

0-1250-30 (2) 35109 

vw 

-1278 

0-1251-28 (1) 

:)507({ 

VW 

-1310 

0-1310(0) 

36085 

w 

-1.302 

0-1302 (0) 





35050 

vw 

-1337 

0-786-661 (~1) 

30020 

VW 

-1300 

0-1310-66 (0) 

34844 

vw 

-1543 

0-996-661 (4) 

34819 

^v 

-1570 

0 -2x788 (6) 

34813 

w 

-1674 

0-2x786 (-4) 

34780 

AV 

- 1 597 

0 - 1597 (0) 

34788 

w 

-1509 

0-1599 (0) 

34763 

VW 

-1933 

0-2x788-66 

34767 

vw 

-1630 

0-2x786-68 (-2) 




(-1) 

34742 

vw 

-1046 

0-2x820 (-5) 

.34723 

vw 

-1903 






34597 

Avd 

-1789 

0-1000- 

34600 

rnw 

-1781 

0-990-786 (0) 




788 (-1) 





34GB8 

vwd 

-1818 

0 -1029- 

34.581 

w 

-1800 

0-1023-786 (2) 




788 (-1) 

34568 

vw 

-1829 

0 -996 -786 -r- 








68 (10) 





34520 

vw 

-1858 

0-1023-786- 








68 (8) 

34386 

vwd 

-2001 

0-2x1000 (-1) 34387 

vwd 

-2000 

0-2x996 (8) 

34360 

vwd 

-2020 

0-1000- 

34357 

vwd 

-2030 

0-996-1023 (-11) 


1U29 19) 
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FluoroHrtence spORtr\im KminHion spootrujn 


Wave- 

number 

Inton- 

aity 

Separa- 
tion from 
0,0 

Wavp- 

Aaaignmeni numbor 

Intnn- 

Bily 

Soparii 

tion 

from 

0.0 

ABBigrurn'iii 

34332 

vwd 

-2064 

0-2x1029 (4) 34335 

vwd 

-2053 

O-2xl023 ( 6) 

34300 

vwd 

-2086 

0-1000-1020 34307 

vwd 

-2080 

0-096-1023- 




-50( 1) 



68 (-3) 


vwd 

-2121 

34204 

vwd 

-2123 





34205 

vwd 

-2182 

0-1180- 







096 (-0) 




34140 

vwd 

-2241 

0-000-1251 (6) 




34120 

vwd 

-2267 

0 -1023-1261 (7) 




34088 

vwd 

-2209 

0-096-1261- 







58 (6) 




34052 

vwd 

- 3335 

0-1023-1261- 







68 ( 3) 




34025 

\rwd 

- 2362 





34001 

vwd 

-2386 





33942 

vwd 

-2446 

0-1261- 







1180 (-14) 




33828 

vwd 

-2659 

0-906 -2 X 


786 (7) 


TABLE II 

CompariMon l)oi\voeii the funclaiiiontal grounti Htate vibrations of anisoN^ 


llarnan 
KoblrauBPli 
and Pongratz 

Fluorpsponre 

EmiBHion 



ProHcni RoHearch 

Srppj’am am n r ly 

210 

— 

209 

210 

bii nontritally Bymmntno 

264 

206 

266 

264 

nonteiftUy Hyminotric 

441 

460 

448 

440 


529 

522 

520 

523 

— 

— 

555 

561 


«t 

612 

611 

614 

610 

Ot ring del. ip 

781 

788 

785 

780 

ui X sonBitive Btwteb, 

816 

818 

820 

818 

«i C-H bend, op 

991 

1000 

096 

987 

f»i nng breathing 

1020 

1029 

1023 

1020 

ai O-H bond, ip 

1072 

— 

1005 

1056 

6j C-H bend, ip 

1177 

1178 

1180 

— 

ui C-H bend. i]> 

1244 

1260 

1251 

— 

«i X Hensitivo Btrelrh, 

1269 

1310 

1302 

— 

— 

leo^s 

1507 

1599 

— 

nng Hlrotcb . 


ip — iuplano 


op — out of plane 
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MuiiifjJc noii4(jtaJly Hyirunetrio vibrations. The differenuo frequencjy 28 cni'^ 
tii/iy !)(> (*x[)Iaijio(l a,H 0-210 | 184 No definite assignments could be 

given for the other tvuj tbfferenco frequencies. 
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A STUDY ON RECORDING AND REPRODUCTION OF 
DIGITAL DATA ON AND FROM MAGNETIC 
DRUM SURFACE 

UWIJESH DIITTA MAJUMDAK 

LvnrAN Statistical rNSTiTUTw, Calcctta-IIS 
{Received June fi, IDtlJ) 

ABSTRACT. 'riio luiHU* roqniiTAHonts aiul rolo of sttn’agc si'i'Iion jn nil liiformatioii 
Pi’oi ortsiiig Systts'n la f'Apluiiicd willi ivlciciico digilal data ivriordini^ tind ivprodiic.fion nji 
and fiojii jnagiiolK* dnijn .siirlaci* A (‘ojU]U’olH‘nsivi* tlicoiTtit n,l and oxiu'nmc’iil al iuvchIi- 
guiion iu-< onipoiiu’d by pliyHK'id luterjmd.al iouh (d tho proci'HH of diRilnl data rot oidiiig and 
rojiiodiK’fioM on and troin Icrro.'nupnclM' Inyci aurln'T ol Magindjc llriim Mi'iiiory jh j)i't*Hciit;fd. 
Tbo nsHOciaicd bonudary value proble;ii has ba'n aoha^d lo llnd tbi' diHliibiiiiou ol Ihe Inuging 
lii'ld in Uie feU'(oniigu('li( layer and unulyhc (‘xpi'essKinK l(jr (bo oiiljail. ol a wnlo-iTad syntom 
iH ftreNojib'd in tinviiK ol Hie basic syslejn juiruincleis As a residl ol tlu* mvcsligalicuH basn! 
rof|Uiromon1..s for aebicvmg bigb rosohif.ion pulse lecordnig on a inagnolic surlaco are sliown 
(o be bigb coereivify, low ]>errnc*ubibty, reel, angular H-JC looj) elumn'tovistieH, iJiiu coaling, 
optifnuni ri'cojding eurroni and an optiimiin jto’o lace i-oafiguration lor having inaxiniuiTi 
flux gnidii'iil on tlie aurlaoe for a paiiieular bead-lo-inednijn separniion and eoafing iliiokni'HS. 

1 N T H (> r> II CT I () N 

^riio Ijusu: requii’oimMils td" a sioriige fievieo or jnoinorv syHttuii of any ot Uio 
liiforniiitioTi ProcesHin^f System (1]^S) are as follows 

a) Physical sLibilitv of the stored data, so that the information can be 
retained for an extimded period, if desired. 

b) Combination of both physieal properties of noiivolatility and alterability. 

e) Total eaiiacity of the device to hold binary informatinn should lie high 

enough. 

rl) ’’Access time"’ or maxiniuin waiting time for reading from oj‘ writing on 
to a desired address location should be as small a.s possible. 

LXsing Avell-knowii physical principles involved in audio-recording on mag- 
netic surfaces, Digital Information tStorage iSystoms are limit (Bigelow, 1048; 
Booth, 1949; Dutta Majumdar, 195S; Dutta Majumdar, 1961) which satisfies all 
the above requirements. 

In the system under investigation binary information are recorded on a 
magnetizable surface c.oated on a rotating nonmagnetJe metallic cylinder known 
as ‘‘Magnetic Drum Memory”. 
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Inline reroniin^ on iiia^nol/ic drum surface has attained a unique position, 
in the fu^ld ordij^jtal data shu'uge, berraiise both Ihe basic requiTonicnts of a binary 
nu'iuory. ability hi record tveo states of a)iinar\ digit, and to consult the stored data 
at any time aie salislied in this tyjie uith simplicity and economy. Thetu'ctieal 
and exjierimentiil Investigatious on optimum design ol magnetic drum stores, 
for serial, serial jiarallel, oi })a.riillel type ot digital computers were undertaken by 
the presenl autlior, several aspeits of Mhudi Avere published in ditfeieiit techni(!ai 
journals (l)iitla Majumdar. 1058, 1050, lOtil , 10()2). In this jmiier the mathematics 
and pliysies involvial in the ])r«ieess of pulse leeording and reproduction on and 
fioiii a moving magnetic surface Avith Ihe helji of a magnetii; head is studied. Field 
configuration in ami aTouiid the gap of tlie magnetic heail is deduced, computed 
numerically and ploltetl, whicli gives a (piahtative insight into the problem of 
head design. Oalciilafion of the magnetic field in the feiroiiuignetic layer of the 
drum 111 certain eases is presented lollowiiig a method similar to that of (Karlqvist, 
1054). froiii which variation of Ihe field components witli permeability, layer 
tbicknesH. airgap and otliei factors involved in the piocess are studied briefly. 
Lineal’ boundai'y value problem ioi the tAAo-dimensional static field and the one- 
dimensional traiisii'iit li(‘Id has been studied. Pulse frequency lias been assumed 
low (Mjough to neglect eddy current losses in th(‘ head and layer tliat are made 
of spinel material. The, re.sults of some experimental investigations, carried ^out 
witli a practical magnetic dniiii storage system, designed and Imilt here, providing 
reasonable Imlaiice between i-onflieting requirements of access time, storage 
eapacity, r(‘liubility, size and cost, are presented and analysed. 

PJiysies involved in tlie process of magnetic recording in general is j’ather 
complicated liy the facts that, the particles sulijected to tlie recoidiiig field are not 
of iiiiiform sizes, and th<‘ variation ol Ml(^ amplitude oftlwj ajiplied field are different 
at diJferent depths tlieri'by causing varjutioiis in the associated magnetic proper- 
ties, and once Mur signal is recoided an interaction occurs lietAieen places of 
different magnetization giving rise to a demagnetization field, and an iiitricated 
intiM’dependenee ot all these and maiiv otliei parameters. But in saturation type 
jnilso recording tlie enors involved iii the simplifying assumptions made in theo- 
retical deductions me less important, and experimental studies on variation of 
diferent parameters involved can be made wuth sufficient accuracy. The present 
study involving comiirchensive theoretical and experimental nwestigatioiis has 
provided u.s a guide to the rlesigii of reeord/reproduee head, and optimization of 
tJie Avliole systmu for liigli density .storage of' digital data. The details of the 
experinuMital iin e-stigation eoiild not be given here to reduce the size of the paper, 
only tlie salient features have been presented 

Principles of nmgneMo diiia recording and reproductnm. 

In digital computers, binary .system of notation, AA'here ever}" digit is either 
or a “1”, is inAuiriubly used. And this in magnetic data recording storage 
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means that the magnetic material on the suiiace is either saturated m a positive 
or in a negative sense, or completely unmagnetized, Dejiendiiig upon this basic 
fact several methods of recording digits aio jiossilile, Return to Zero {R—Z), 
Non-Return to Zero {JV- R Z). phase modulation methods etc. N -R Z 
method enables a much lugher jnilse jiacking ilensity than the otlnir inetliods 
maintaining the same degree of teliability. N - 7^ Z method is being userl in 
the system under investigation 

When tin* individual \mting cuiTent pulses are spread out in time or distance, 
HO that they ociaipy a full bit cell the recording mclhod is called a N M Z 
method. Pulses loose llieir individuality, and th(‘ WTiting current Avaveforin does 
not return to zero between successive I's or successive (fs. Instead, the moving 
magnetic suiface, is continuously inagnet-ized to saturation in one direction or 
the other witli the direction ol nuigiietizatioii being reversed, when a ' J” 
follows a “d”, or wlioii a “0” lollows a “1" The playback signal using a 





T 0 T-T go o r o T b 0 T 0^“! 


yr) Hinary curroni wavclorni for N. H. Z Mclhod of ns ording {h) Actual p.li. Hignul, 
(r) Idutil ji.b Higniil 


coiiventional type of head is approximately proportional to the rate of change of 
Ilux on the smface. The actnai playback signal is showi m fig ((lb) But in 
ideal case when reading a flux pattern as shown in fig, (la), the output should be 
a series of narrow pulses as shown in fig. (Ic) coiTespoiiding to the flux changes, 
'fhe original information is extracted from the preseru'e or absence of these pulses. 
The widening of the output piilscs as explained above seriously limits the pulse 
packing density because the flux changes must be seyia, rated sufficiently so that the 
pulses do not interact. 


Magnetic model for write read jjroctas umng mluration type recording. 

The process consists in(l) switching of the slate of magnetization of the 
feiTomagiietie surface (Write Process), 

(2) self demagnetization of the recorded signal, 

(5) playback of the recorded signal (Reiul process). 

The necessary aspects of the problem are to tletenninc the magnetization of the 
ferroinagnetic surface before and after the process of self demagnetization. 
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AHcumiition fartorw for hiiinjHt)if!al tioatiiientH haw been rlovelopecl and reported 
111 the Ulerahir(‘ (Wallace, I {151, He^un, J049, Westiiujzc, 1953). Now the mag- 
netic nioflcl th:it (‘XplaitiK a c niagiietization can he applied with suitable 
biinplifving assnin|)ti()n.s. and the recoided pulse nuigneti/alion ileveloped in the 
form <»1 a hai'nionic series. 

'^riie model that explains n - r inagnel izatnm is rathei siiiipU*. Jn a particle 
a number otmagrudic slates are fiossible, each of which coiresponds to a minimum 
of potential eiK'igy and is si'jiaiated from other minima by jiotcntial barriers. 
Allot her simphfymg assumjition that can be imule is that these barriers are of 
equal h<*ight , With the application of the magnetic field, the potential energy 
of those slates will lie dnnmi.sh(“d where the direction of the, field is more m accord 
with tlie diiection of the magnetization. Hence the potimtial barriers will de- 
crease on the one side and will im rease on the other sale of the jiotential minininm. 
For a eeilain value of llw iqiplied field strength the first barriers will have dis- 
ajipearcd and the. magnetization will jumji to*a state u'llh loweu energy. Since 
all the barrioiH v\erc su])poKed to be of ccpial Jiciglit they vmU be crossed at the 
same held strength and therefore saturation will be, obtained. Kcversal of the 
field effects tin* saturation m the, opposite direction. For an a-c field of sufficient 
strength the magnetization will alternate between two directions. No\i in the 
pi'oeess of saturation type digital reeording applied magnetic field, of sufficient 
amplitufle to saturate thi* ferromagnetK* smlace riwerses (switches) its direction 
of magnetization as steejily as possible when a ‘ I" follows a “0” oi viee-versa. 
Wo such a niagiietization if dcvolopwl m the form of a hormonie series, and the 
attenuation factors develojied for sinusoidal treatments referred onrliei, can bt^ 
ap))lie(l t(‘rni by term to the tot.al available flux to give the flux passing through 
the read coil, and by different iation, the resultant head ontjjut voltage is obtained. 

Field mnfujuratiou in and around the gap of the maguettc head. 

Before pro(H>eding with the diffieult prolilem of determining the ultimate 
magnetization of the element, on the magnetizable siirfaee m front of the record/ 
read head, we intend to determine the nature of the field configuration in and 
around flu* gap. l^rom this investigation we shall bo m a ]io8itioii to approxi- 
mate a potential distribution between the corners of the recording head. The 
piobleni has been tackled by Ifooth and AA^estinijze. It has been solved in a 
somevdiat different method and is presented here. 

At the outset it is assumed that the permeability p of the head is infinity and 
that of the layer matennl is unity 

Wo apjiroximate a practical head (Fig. 2) such that its left pole piece 
is bounded by the plane y ^ i) from .r - - a to a: =- and by 

the plane .r = —112. The right pole piece is symmetrical with respect 
to the plane a* (b Tliis is the ease of semi-infinite gap and bears close 
resemblance to practical heads, hut the calculations are rather difficult to cai-ry 
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out. The othei* t^vo iiioflels, lluil of infinite' gap aiul Him gap, also treatoil by 
We.siinijze, are not of niiu'h pra(‘tjcal use, and so will not be dealt with here. 



Kig. 1 . An npproxinialo pim iic.iil iiiaguotif' homl (momi infiniU' gap). 

Looking norinal to the gap sin fare, the gap is inliiiitely extentled in the --w direc- 
tion (fig. 2) The assumption that ji of the head material is infinite can be easily 
ajip) oximated as the pcjiueability of the head materials ranges from Id, 000 to 
100,000 (radiometal, mumetal, pennalloy, etc.) and they are not lased near the 
sat uration i egion The pole surface nay then be saifl to represent a set of magnetic 
e(iiiipotentialH. 

Siipfiosing there is an one turn cod in the head, and aeurrent Jis passed through 
it, then dune will be a magnetic potential diffei’enee 1 between the jiole pieces. 
iSo the pot/ontial function V{x, »y) has to satisfy the boundary condition V 7/2 
and 7/2, respectivelv foT the two pole/ pieces. It is elcar from the symmetry 
that K(.r, y) — 0 at .r 0 We shall apply Solwarz-Christoffel transformation 
in solving this jiroblems, and then shall numerioally compute' the oipii potential 
]nofiles and the lines of forces. (The coinpiiiation W’^as done in the electronio 
eoinputer HEC2M). 


hJquipotfjitinl j)rolilei^ and Unas of forces. 

Wo now picture the head on the po.Mitive side of the axis in the jS-plarie witli 
magnedc jiole potentials, ^ — zt^/2 — 

Application of the Schwarz- Christidfel Transformation gives us the equation 
from which the transformation of the oontour ABCDEP’ in Z-plane into the 
TE- plane is found. Let length of the head gap to be 2a. 


then 


dt/> _ V d\jf 

Ox a 0\f 


^ j/4 k. 

a 


Let ^ ^ 0 at j5 and E. 
From Fig. 3(a) and 3(b) 




( 1 ) 
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C V D 

\ 


;> = - V 


l-PLANC 


(fl) 


■ C D E P 

(O 


Fig .‘1. («) 5J-plan»% (i>) /-planf 



A' B C D E F 


(0 


From Fig. 4(a) and (b) 

r/ir 


(o) 

Fig. 4. (a) W'-plano, (6) i-plana 


B 


At 

At 


.i, -WI(M !)«./-. (.-1)0^ ^ 

W = BlogH-t'. 
IF=-F, C=^V. 
B.i - -I, V 




2 V 


We take 


w — log H 

in 


2iV 


log rfF 


Since tliiH satislies the conditiona 

/->0, (along real axis), ilr-^co. 
/-►iooC’ *' ”) i/r-^co 

From equation (1) 






(3) 
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n 


which on integration yields 

Z = A -J H 

We have Z -- -l-w at t ~ -\-i, 1) ^ tt 

and Z = -a at t I, /. oc, - ^{(•08“*(— 1)}4«' 


Now we have 

Z = ' I ) W 

(valid for .r-^O) 

From etiuation (3) we have I - v 2<\V / 

This wlien expanded gives 

/, = - j e 2F cos 4 JHJii j 
Substituting the value of t in e(|nation (4). 

J5 ^ I' [ V - 1 -/v- I H . si.. "Jf } 

-ciw-i|e2K |»(:os siii J|| I «. (•')) 

We take 

cos~^ I eZr sin ie^V cos | ^C—iD. 


This on solution leads to 


LVi 


r 1 / 


V f 

1 \ 

lev 

4l)-e2F 

Lv^ 

\ 


\ 


V (eV 


4-e2F jeV 


( 6 ) 

( 7 ) 
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Now wti tukc 


1 - 


= A' — iB* — 


— It ('OH 0 and B' = R Hiii 0. 

__ ir^ j V*"ir _‘7r^ , 

R , 2V !<. V +c V 4 2 coH ^f- j 




and 


V V sin 


7r0 


tim 0 ^ — 


iry}' j 

II " i ' . '^9 

I r I cos 


(‘J) 


Tilt' (MHiJilioii (T)) can now lie wiitl.cn as 
Z -- X \ ii/ 

7T IT 

^vh(M‘c \/ H cos Oj^ r= and y/'R sin Oj'l = B. 

Thcrcltwc, 

and, 

-4 ~ \/ ft cos ^ (1— (H)S 0) 

B — sin ^ 0) j 


( 10 ) 


( 11 ) 
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UHinj^ 0 (iuiiti()ns (0), (7) (10), (II) and (12), tho Kcts of magnetic t;(jni]>otential pro- 
filcrt and lincH of forces arc computed uml plotted as shown in the Figure 5. 


hi (M. If T JON OK liOl^NDAKY V A L U P Ji O H J. E M T O 
K I N D 1) I S 'r It I T1 U T I O N O V F KIKOIN G F I K U D 

OF A S E M 1 - I N F i N I T K P O J. E GAP J N 

F E R K O - M A G N E 'I' 1 (’ LA Y E It OF A 

M A G N E T 1 C D R U M 

Though the j)ro)>loin js noii-Jiuear. the Inicar (aisf; gives a first ajiproximation, 
wliich m some cases seems to he HaJisfactory (Wallace, 10/)J; Karlqvist, 10/)4; 
Bfioth, 1002). Linear hoiindaiy value pi'ohlcin for the two dimensional statif! 
field and 1 he one dunenBional transient field ha.s been solved and will he dealt with 
hero. 

The notations for the physKial parameteis are : 

// — hiycir pi'rmealnlity, d - layer thickness, N ~~ half the jiole distance h - 
head -to- layer distance, 7^0 - indnetioii in the pole gap ineasuiod in volt-see per 
sq. meter, Ji^^ - - jN , 1^ — magnetie potential of tlio head. - in X 
in MKiS system. 

Tin*, investigations on the fiotential between the corners of the head treated 
with conformal ma})ping, shows that, the magnetic potential distribution along 
y =- 0 can be safely assumed to be linear. 

Thus 

V- -V 

a - F • xIN ~N> X > N 
a-- -IF x'^N 

So the boundary value ])roblein icdmes in lintling the magnetic, jiotential v{x, y) 
in the region y > 0, -cc' < .r oo, when the potential along y -- 0 is jireseribod. 
The Tiiagnotiziiig vector is then, 



7/ — - Grad ij(.r. y) 

The potential satisfies the eipiation. 


(14) 


d dV , d dV 


nx '' dx ' f..'’ ~ 

We (issumo n, the layer permeabifity as constant, and we get the laiplaoo’s equation: 


As = (.. where A= 


... (Iti) 
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usually the equation (15) is a iioii-linoar equation 
Boundary conditions : 

We take iq — the potential above the layer (6- o), 
V., — ” ” in ” " {b 1 o), 

e, -- ' ’■ ” ’• " (e-o), 

<’1 ” below " ” (c 1 o), 


then boundary (onditious aloii^ y = b and y - 1) \ d (on the tu o sides of the layer) 
are, 


dy 


, or. 

Ot/ 


(17) 


ov. 


0 \\ 


(18) 


' Oy Oy 
Equations (15) and (16) are elliptie equations. 

1’he uon-Htatiunaiy one-dimensional licld can be eoinputed from the equation: 


(7^H 


^ rr/i //q 


OH 

dt 


(19) 


rr — eonduet.ivity of the layer, fi = jiermeability of the layer and is asHiiined 
eons taut. 


JdfaJimtton oj the problem. 

The 1st approximation is to regard the drum surface as plane. The Brum 
dianietci is about 260 uiin. and the gaj) is about .02 nun. The variation of the 
h(‘ad to layer distance due to the curvature ol the drum surface is less than 10% 
for the interval 0 < x < ION. The factor b/N is usiially between 0.5 and 2. 
The Jengih of the Kcad/Becord head is about 100 to 200 tiines that of the gap 
v'ldth, and so for all practical purposes, we can assume the head length as infinite. 
The width of the head is also about 100 times the gap width, and so our two dimen- 
sional treatment of the problem will be satisfactory. The permeability of the head 
is veiy high, and so the lines of force wull leave the head surface nearly jKjrpcndi- 
culaily. The magnetic potential of the head is therefore assumed constant and 
is -f Ve on the right half and — Ee on the left half of the head. Bow the i>olo 
length influences the field in the layer was investigated by Booth (Booth, 1952); 
here we shall study the potential between the corners of the head. 

The boundary value problem. 

We have to find out the potential v{x, y) from the solution of Laplace’s 
equation, subject to the conditions, 

K = 0 when y “ cio 
V = f[x) when y — 0 


... ( 20 ) 
... ( 21 ) 
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F(jurj(jr’8 liiU'gnil HoJufcioii for thiH is 

V - ^ S da f /(A) cos a{A - 3 ) • dA 

7T u -« 

FolJowing Uui samr coursr tis in Byeiiy ivV 7^ — 

Wt* obluin 


dA 

Anfl whon h - oo wt* (iochioo the formula., 




(22) 


(23) 


v{x, y) 


I //('») -^- 

7T -m 'irA (A 


(24) 


The field lor // - a is olituincd from tlu* equation (2.3) defined by the equation 
(1.3), as ; 

IIg(r.h) -- — “ log . . — ... (2,')) 

26 


This is not of miu'h practical use. Wo got the field for tlie case fi — 1 from the 
equation (24), whicJi will be of great practical use. 33ic field is always comjmted 
from equation (14). The field is given by the equations ' 


y) 


ft 


iv-l-j* 

y 


I'tair f 


N~x 1 

y J 


(26) 


U (.r, y) ~ 


Jtt 


log 


y-^-[N-xf 


(27) 


In the above equations we have the field given explicitly as simple functions of 
a-’d-i/, and it is easy to compute actual field. The approximation is satisfactory 
iipto y greater than 0 5A''. The polo gap field intensity Hq is estimated from a 
magneto motive force reluctance relationship, Avherc the reluctance of the head 
ccjiv is piecewise calculated. We have 


^0- 


47rrtji 



... (28) 
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where = leluetaiue of (he heiol eore It - 
»,i«lhen«n,bcroft„u,s,m the «r,(e eo'il ,uk 1 


^{eprodiictioH, etc. 71 ) 

Hclurfno.e of ,he liead ,,„|e j-aj,. 


JJ t 'J' 

R - I I y '' 

f/, L.-l,, . (2») 

'A - '™g^'‘-'f'p.'i<'WU.the,,.,,..e,»Ihe,..l(o«) 

!/. - average length of the rea. gap 
-J,. ^ area, of the pole gap .. 





I^Jg- <> I’niiging fiold ooinpoiicniH U^, //„, au,] tJio grarlimt , 

lontnt of the flinging held of a niagnetie reeordiiig head with a (Hti ineh I 
gap waa inapped The ohaerved and ealenlat.i he, da agreed to w, i ’ 

Equationa ,26, and (27, in terina of the above parainetera ean be weten aa 







v.i„ ,t a. „„ 

dx ‘'*® PO'n‘ uf inflection of the curve are ahown in the Fig. 6. 
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TIic. iMMiit. .A of II, (l.r iLax” "f Uy »>'■ 

Ji,t f r/j/2. foT all valn(‘,s nf »y 

^ria- analylu'al i‘XpiT«Hio,iH fr>r olhei two casos, /,, givatcr than 1 Inil infiniio layea 
tliir-kurss aiJf) // greater than I and finite layer tUu laiess can be, dedneed using 
Fourier’s tianslf.rm iiiethorl, but. t'oi all jir.utieal piirpo.ses expiessions (26) and 
(27) or (.'lb) and (.‘11) oITei very giaal approximation (We are using spinel 
material of very l<nv // as our lerromagri.die layer) 

It IS seim lli il a,l a distaiiee grealei than one lentil of iJic* pole gap, the inten- 
sity el the iongitudinal (A) (omponent is ah\a.yK greater than the vertical {Y) 
(Mimjionent For a tyjneal recording Inaid at a distanee equal to the pole gap 
the mtensities ot the loiigil udm.d (X) and the veitieal ( Y) field components may 
be of the order of 1201) .uid 7(M) oeisteds re.spei t ively. Tlic 1200 eersti^ds field is 
Hiiflicient to satuiale an\ of the (onnnonly used .storage media, in the longitudinal 
direction. Moreovei, because of the shearing of the looj) (Began, S. J.) ni the 
verlK’iil direct mn due to ad ver.se demagnetization coriflitions, the 700 oersted 



Dmn iioji of irc oriling (mclies yl0'«) Dmclinii uf recording (mchc h x JO-y) 

Kig 7. Magnetic field stiviiglli iioriual Fig. 8 Distribution of Magnetic field strongth 

to oxid<' recording media. normal to ilia recording media, signal an-ay 

cojiimuous Borics of "ones” Isobars arc m 
ocr.st,eda. 


field IS msufhcieiit to .saturate the medium in the vertical direction. So wc take 
it for granted that the magnetization is predommantly of longitudinal nature. 
This statement ^\ils imule by the autlior in a note iiresentod to the Roorki Session 
of the Indian tSeieiu e Congress (Dutta Majumdar, 1058) and has been donionstrated 
by Kostyshin and others (Kosiyshin, Roslion etc., 1050) by mapping the fringing 
fields of signals stored on oxide and on nickel eohalt plated smfaces with a Hall 
probe and is reproduced here (Fig. 7 and S). Before going into the moie rigorous 
harmonic, aiialysi.s and other things, wo would like to shovt' how most of the engine- 
ering design conditions are derived from the cauations (26) and (27). 

From (26) and (27) Ave can eoiupute longitudinal and vert.ical components of magne- 
tic flux veiitors in the media as follcnvs (Fig. 9) : 
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Fig. nmplii(‘nl (if uqiial'ioiis :i:I. H.'l, and ,'J4. 


lu 


7T . 


, ,N~\ X , . , X- XI 

tail ' I (an-* - 




27 rL ^ r-f(iV-| xr j 


(:j 2) 


m 


\ri\=- (-/y 


(lU) 


(M) M P n T A T T O N O F P A V H A ( ' K V () ]. T A ( } K P U i. S E 

FltOM E Q A T T 0 N (:t2) 


CoiiMideniig the idoaliswl jilay hack Jioad to la* a Honii infinite block ol 
penneability inatcna-l icitli (Jic flat face at a distance b above the rciiovduin sur- 
face, the 1 *. B, signal will be jn o])ortional to the rate of change oi the A'-coin]K)- 
nent of tlie lliix. 

Using the method of images, the value of llie fiiix deiisKy m tJie lu'ad can be 
shown to be the same a,,s thoiigli the head filled all ot sjiaee anil the ml.ensity ol 

magnetization in the recoj'ding medium "*'*** ^*****’‘'^ value actually 

jircsent. 


So, 




2/iB, 

7T{/l \ 1 ) 




Y J 




If d is the thickness of the medium the total flux per unit widlli v ill be 




... ( 36 ) 
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TIk’ uu1j)Lit Mill Ijf' iJiro|iCir1i(iii;iI to the laie of dlifingo of (pj, therefore, 


4r\ 

fit (It di 



i> I 







f f ■' - ],lv 

TTiii I U J [//' 1 f-V-f .r)^ y/“H (.V- 


a 

r l-(^' I -0- 

^(/' 1 • ) |_ //“ ! (A' - .r)- 

A+d/a 


( 37 ) 


7 )'„ 
7r(// I J) 



P«) 


wIkhv f' eonslanl of pioporLioimiity and V — velocaiy of Uio suii'aoe. The 
e(|iuvtion (.'IS) if Hli|;li(,Jy nio<lifn‘(l as 


r(.r) 


;r(// M) ' {I I SI2 -af-\-(N'\-.vy^] 


. . (3t)) 


W'here ‘a.’ is greater than ‘O’ and is a rec.urdiug eonstant wliieh inciorpovates the 
magnet ir projjej-ties of the medmiii. The above expresHion relates the playback 
voltage ‘ e” fnaii an ideal head wdh different physical parameters. These and 
their graphical jilots can be used for design purposes. If the value of ‘a’ is 
determined indirectly, the maximum pulse amplitude and the jiulse width at a 
certain cbp])ing level can be iletermined. 


JJmvfKjndimtion curve of layer material. 

The portion of th<* hysteresis loop that lies in the second quadrant between 
residual induction. Br, and coercive force H^., is called demagnetization curve. 
The quantities most used in evaluating the ipiality of materials are He, and the 
products He B,, (BH)„i, the latter being the maximum product of B and H for 
])oints on the demagnetization eurvo (-it sign oniilted). A given value of mag- 
netic material will produce highest field in a given- air space vhen the induction 



A 

B in the material 

1968 ). 
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18 that lor which the energy product BH ie a nuiximum 
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(JEverflhed, 



10 . (o) A hyijk'roKiH loop, domagnetizatiim 

•Jurve approxiniaied to a rectangular hyperbola, 


(^) hyRtpresift loop linoHri/,ed to a 
parnllologioin. 


simnfaterbrr'fl' <'«-agnet.z.at.on curve can he 

\ ), Hg), --Hg(B — 0 ) as shown in Fig. (l()a,) 


Ihe slmpe of the demagnetization curve between Br and 
often called the fullness factor, delinetl by 


H(, IS fixed liy vdiat is 


r = 


BrH, 


( 40 ) 


ami the equarencae factor. c<l, define,! retontively by the ratio of, the B, to the aaymp. 
totio magnel..atio„ predicte,! by the hyperbola an.! ie given by the equation 


S = 1 

mh 


(41) 


where 


S is related to y by 




, and k = - 


Ha 

//. 


*S'=:l~(y--l)2 

Using the general expression for a rectangular hyperbola 


(42) 


ind making substitutions and simplifications, the 
.eresis loop is given by the equation : 


... (43) 

second quadrant of the hys- 




... ( 44 ) 


4 
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The rcverHibic permeability //g, of the Htorage inerliuni, eoiisulered constant 
(Wostmijzc, 18 defined l>y the slope of the hyperbola at the point (0, B,,), 

where 

l-j-tan ... (4r5) 

ttn.l tun ^' {£- .S') ... (46) 

tie 

»So it is seen that the reversible permeability //g. flejiendent on the squarness 
factor *S'. The slope of the hyperliolu at the point (Z/^, 0) is given by the equation : 



WriiP procpMff , For the write process only, we lincarr/.e the entire hysteresis 
looj) to a |)arallelograiu (fig. I Ob), then the field intensities at the liegiiining and 
at the end are given by the equations : 

2 % ’ 

From the mathematical and physical analysis eailier we assumed the inagneti- 
y^ation of the medium as predominantly longitudinal. In the meohanicK of NRZ 
recording, the longitudinal component, ol' magnetization may be represented by 
a trapozoid. The transition length of magnetization (Fig. 11) is equal to the 
average clyriaiiuc trauHit-ion length with a lower limit imposed by the static 
transitum length bg. 


'roLt''w^ 

V 



VEffTICAL FIELD 


\ 

loncitvoinal field 
(aciiml) 


/» 

LONGITUDINAL FIELD 
(idealiied) 





Fig. 11. LongiUidinal component approximated to a trapezoid 

The static transition length b, is determined by the shape of the hysteresis 
loop of the layer material and the pattern of the fringing field at the pole gap. 



85 


A Stvdy oa Secording and RcproJucHon, etc. 


W of the head core. '«*““- 



F.g. 12. A typical aignal array whcro a 8„ooi«a.on of „„„„ an. co, , orated by p and o ‘b.t’ 

leangiliH, 

For the typical aignal array (F.g. 12) whore a anceeaaion of ones areaoparatod by 
P and q bit length, the ro.sultant magnetization ia deaCTiboil by the Fourier Soriee 
(Kosty shill, J96I) : 




V+g nn g 

P 


nnb 

iP\:^)K^ cos 
_ nnh ‘ (/H- 5f)/fo 

{p+q)K, 


... (49) 


The corresponding harmonic wave length and the equivalent harmonic frequenev 
aru defined by the equations : 


A„ ^ (P±9)K, 
n 


(50) 


Sn- 


nV 

{p+U)K^ 


... (51) 
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Self Demagnetisation of Ute recorded signal. 

Ah Hoon as the rcoorcJing head is rerrw;vccl fn)ni the AMcinity of the recorded 
ceil, the boundary conditions idiange resulting in a demagnetizing field and 
a quiscent magnetiziition During reading operation, the lioundary conditions 
similar to those of Wiite process are re-established, anrl ideally at- least the de- 
magnetizing field is reduced tx) zero, and the resulting magnetization (the 
initial magnetization considered for the Head process) is slightly lower than the 
retentivity of the storage medium. This is due to the nonlinear character of the 
hysteris loop and the constancy of the reversible permeability of the medium. 



Fig. 13, Demftgueiization curve. 


It is a standard practice to define a demagnetization factor (Wostmijze, 
1953) as 


D„ =- tan y 


... (62) 


Bn is then determined by the values of and and by the angle defined by the 
reversible permeability of the storage medium as shown in Fig. 13 (Bozorth, 1961) 

Ajssumiiig the magnetization to be constant throughout the depth the average 
demagnetization factor is defined by the equation . 




j I>ndy 

~b^d 

[ 


(53) 
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6j = head to Htorage medium distance during WTito prticcss and d - layer thiekuess. 
Z)„ is determined from an expression for /fj and similar to that given by West* 
mijze (Westmijze, 1053) which need not be treated here 

The resultant initial harmonic magnetization after self-demagnetization is 
given by the equation (Kostyshyn, 1061) ■ 


= H in 
'2SDn J 



(ifA, JJx (2 -4«^ . I (54) 

Process of play back : 

The next problem obviously is to determine the total ipiantit.y of 
fringing flux of the stored bit in the cell that passes through the road 
coil when there is a, reading operation. Westmijzc (Weslmijzc, 1053) luis des- 
cribed the loss term, assuming of course the head jiormeabUity as inniiity and a 
non-zero head to layer spacing due to physical dimensions of the head to medium 
gap, the thickiioas ot the medium and the reversible permeability of the medium. 
Total flux through the hecad coil can thus be determined ivliich on differentiation 
givo.s the output voltage of the read coil. By (?onHjderiiig an otjuivalent read cir- 
cuit, the loading effect of the amplifier, the line, and the stray caiiacitaiice of the 
read cod can bo taken account ot. Following the above logic, the expression 
for the head output voltage, for the signal anay desiiribed by cipiaiion (46), is 
given by the equation ■ 


^0= S XnY,,C„EnLnBn{^N^WV] Hixi 


where, 






10 ® volt, 


... (55) 


Xn - - Bn — reluctance of the head core . . . (56) 

Bn 


1 + 


Bgi 




^9i 

a; 

K 


Rg^ = reluctance of the head jxde gap 

... ( 67 ) 



88 


Divijesh Dutta Majumdar 


^ Uinhf 

Afi 


1 (- ' tanh 


l»l 

1 h H" taiUi ^ \- ju . 2 tanh ^-^1 


... (58) 


ttIj 

K 


(59) 


nb 

An 




... (60) 


-- No. of tuniH on read ooil. 

W ' width of the head at pole tips (can.), 

V -- relative velocity of he id and Htorage medium (cm. per See ). 

Zj --- Ijoad impcclan<!(“ ol i.he read network (ohm). 

Zin - etjuivalont impedaiKic of the read head (ohm). • 

The rehictanci^ ratio J^pIRf,] in given in equation (29), from Avhich X^^ is known and 
tlie expression foi* is given by equation (54). Tlie above equations can bo 
programmed for any Electroniis Computer and can be applietl to various head- 
recording media systems, and it is possible to study on an analytic basis the effect 
of varying single parameters of a system. 


The CAise of one dimensional transient field. 

In the ferromagnetic layer of a DRUM MEMORY switching tlie state of 
magnetization of the specified region on the memory drum surface is accomplished 
by reversing the direction of an electric current in the write coil of the magnetic 
recording head. In order to studj^ tlie transient field associated with this pheno- 
mena, it can be assumed that a polarised electro-magnetic wave with the compo- 
nents and Eg comes jierpendicular to the ferromagnetic layer. 

The elect ro-magnetic field must satisfy the Maxwell's fundamental equations, 
and so the conosponding differential equation can bo derived from them. 

We assume ft ~ permeability of tlie layer 
iC =r constant 

fT ^ conductivity of the layer (1 /ohm— meter). 

fiQ 47rl0“'^ in MKS system == 1.257 X 10“® (henry /meter) 

E electric int/onsity (volts /meter) 

B = magnetic Induction (webor/meter) 

B = electric displacement (ooloumba/meter®) 
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H -= magnetic intensity (ampcreH/mctoi) 
J — fjun’ent, density (ainpercs/meteT®) 
p = charge density (coloiiinbs/nioter^) 


Maxwells* Equations are ; 


A X JS? ^ 


A X J^- 


rW 

dt 

dl) 

dt 


A • ^ 0 

A - p 


111 a homogeneous isotropu- modiuiii we linvc Ihe mlditional relations 


m 


D - KE, B -- //,//, and J — aK. 
P'’roin the above lelaXioiis wc have, 


L\E ft 


dU 

dl 


AxJI^a-E 


m 


We have Hy — — 0, and Ef Ey — 0, 

I i j 

d d 

dy dz 

i 

0 0 I 


AkH 


d 

dx 

Hn 


And 


dz 


j^OB^ = K^E,. 

dy 


AxE 


i j K 
d d d 

dx dy dz 

0 0 E 

dy dx 


but 

dx 


djh 

dy 


^ a-Eg 
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(ly dl 


dy^ dy 


^-fi(T- 


.dH^ 

dt 


In rutiniuiliwerl M.K.K sy«lem 


hif 


-- fry yo 


d//^ 

dt 


(6:j) 


Thd nun-Htiitjoniiry one (liinenKional field ean be eoinputed from equation (63) 
which IS a jmraliolie ddierential c(piation and will be solved using Laplace's trans- 
form s. 

The iHjUfit/ion (63) is to be solved for infinite layer and for finite layer. 

Infinite layer : 1’lie wave is applied suddenly at I — 0, and the air gap b 
IS assuined to be xeio. 13i<^ initial value problem is , ^ 

(X- noordinate lins been replaced by y) 

[ Laplace transform /(/i) of the funeiion F(t) is defined by 


f(p) == J e-P^Fm] 

0 

Then the Laplace transform of the equation (03) can be written as 
/i e-*wV2» , A’'“ ^ <Ty /i„. 

p 

The corresponding tune function is 

ff,„ = H„erfe. ... (64) 

is defined by the equation 

X 

erfx -- \ -'Crfc X — — — f e~~^^ dl. 

i 


Fmite layer thickness : While considering this case we have to assume that, 
the ^-component of cleetric intensity, Eg, le continuous on the other side of the 
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layer that is, at the point y d, then if ami o-j ifprescnt, condnotivities of 
the layer material and di-uiii -material respectively 

Lini . (T., =-- lain . a, . 

“ 

//-> d— 0 

The conductivity of the ferromagnetic layer material cr, can be considered as zero 
in comparison with that of the drum material (usiudly brass). 

Wc have the Lajilace transform 

- ir v~<^v-d)k jIT 
n --- /3„ 

cosh Kd\/p 

and the eorrespondiiig time function is, 

Hn,t, -- erfe [(2™ I ] ... (60) 
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Fig. 14. Miignotif liold m transient case. 

From these two cases one can compute the transient time of the layer material, 
and then’ dopeiidenco on cr, /t, and d, 

E X r E R 1 M E N 'r A L INVESTIGATION 

In order to carry out a thorough investigation on the problems and limita- 
tions associated with arriving at a wliolly rational design of a -magnetic drum 
store, an experimental magnetic drum unit was designefl, constructed, coated, 
and finished by ourselves in our Laboratory. The engineering description, the 
drum coating tecluuquo, and its digital data recording and reproduction techniques 
were described earlier (Dutta Majunidar, 1961). 

5 
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For oxpcri mental purjJoHcs, faetorK lUai affeoi i)u1h(‘ reHohition shoulci be 
brnjully claHHilicd na (a) frequency <lepcnrlctit bu-toiB and (h) wavelength depeii. 
dent faetoiH. Frequency dependent factors in pulse reeording arc (1) recording 
current and flux rise time, (2) frec|uenc,y response of tlie anipliflers. (3) fiequcncy 
rcHponse of the magnetic licails. It is obvious that the frequency dependent 
factors (‘an he made very m^gligible Wave length dependent factors arc consi- 
(Uwl to be nuu-c basic mill lesjxect t»i the iccoiding and reading out of the pulses 
and luire tlu^ riisults of 1/he llicoretieal inv<‘stigations presented earlier are of great 
help In oui magnet ie model of Writc-lhiad process using saturation type recsord- 
ing wci luivc explained that, the process consists in (1) switching of the state of 
magiu'ti/alion, (2) sell-demagnetization of the recorded signal and (3) ]>layback 
of tlic recorded signal. Jt has been explauuMl in an earlioi publication (Dutta 
MajuiiuJar, how the variables involved in the })rocess are intenelated in 

a. complex manner. For the clarity of the concept the variable factors can be 
eomhined and grouped as (I) Hceoiding jiroeeci'ss limitalions and (2) Playback 
process limitations. Tlie limitations due to magnetic (.liaraetcu'j.stn s of the layer 
surface arc of course, involved in both. 

li E C O H 1> I N (1 P U O (.' K S S J. 1 M I T A ^1’ J O N 

Mevenil important liniitatiojis of recording process arc* associated uith wfint 
is known as K(‘eoid-Head Trailing IClfeet, which is eoninwinly defined as the de- 
ni ugiiotizutioii of the Hurfaee still within the field oi the liead as it changes polarity. 



Fig. 15, \'ariat.i(»u of P.B. PuIho amplitude (vtilta) with roeording pulat* a/nplitudi* (iiirrent). 

Ill Fig. 15 t'lio variation of P.B. pulse amplitude with recording pulse ampli- 
tude IS plotted. If the field gradient aeross tlie record head had no influence on 
the flux pattern, one would expect the pulse Avidth ami amplitude to remain cons- 
tant after saturation. But it is seen that they are dependent on recording icurreiit. 
The increase in pulse width and decrease in amplitude may bo attributed to the 
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'‘record-head trailing effect. At the moment of flux reversal in the* head, all 
pai’ticlea uiidei’ the trailing pole face are luiignetized to a varying degree depen- 
dent on the gradient across the liead. The. actual field pattern in the coating will 
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dopond on lh(‘ pernioabjljtv of thn material saturated to a eonstant value at dis- 
tarieoH from the record head ti'ailing effeel is dependent on the B — H 

(iharacbei'isticH of the mediinn, recording current, coating thickness, head to 
mcdiuin separation and gap width of the record hcarl 

In Figs. 10 and 17 variation of IMh pulse amplitude and width with Head 
to yiirface gap are plotted for flilferent speeds. In amplitude versus head to 
surface gap curves it is seim that at. higher sjieeils it tends to become linear. In 
Fig. 17 it is seen that the juilse wulth inci eases with gaj) distance, at lower 
speeds the rate of inc.rease IS sharpei than at higher speeds. It is seen that at 
KOOO rji.ni. and above, the P.B. pulse amplitude is much leas affected by 
gap variation. 



F(jf. 18. Variation of P.H. pulse width in raicroseo, mth rotational speed in r.p.in, 
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Hpood 111 B P M — > 

Fig. 19. Variation of P.H. pulse* ampliiiuU’ wiUi rotational wpoe-rl in 



Spoed in R. P. M.^ 

Fig. 20. Variation of P.B, pulso amplitude and width, with npeod in r,p >ti» (for a oonfltant 
reoordmg pulse amplitude). 
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in mi(Ti)S(u'nn(i vi'I'hus rotational Hpecfl m r.p.iri. is plottc<l in Fig. 18. 
TKo (Mirves scein to apjjroxitnuto rfctariguliir liyperhoU Here also it is seen that 
th« of rtpooil variation on play hack pulse vviilth is niiicK less affoctecl at 

speed above 8000 r.p.iii, In Fig. 19 and 20 whore variation of pulse width and 
amplitiifUi with rotational speed is [dotted, the amplitude is seem to rise linearly 
w'ith Hjieed, 

Effect of recording rmnf. 

The position of tnaxmiuni tiux grailient is the effective ree-ording point, wdiioh 
will depend on the magnetic medium and the recording field strength We can 
see it from our theoretical r(^snlts that the relative distribution of the horizontal 
and vertuial oomjionenls of the magnetization will rlepend on the recording field 
strength and tlie coating IhickiicHs. It has been observed exiierimentally that 
a cuir'enli greater than that. re(|uired to saturate the surface results in reduction in 
amplitude and increase in pulse w'irlth and consequent loss of resolution, ft has 
been .shown .airlier in conni'ction with equations (31)) and (31) that the longitudinal 
eoiufioneiit is resfionsibb* for rceordiiig. But if the recording current is increased 
beyond the satuiatioii currenl Ike vertical component becomes x>i'Otlominant, 
which icHults in a shitt of the effective lecording jxdnt furtlier away from the 
centre of the gap, and increases the total distance over wdiich the flux is changing, 
which obviously results in the inere^ise of pulse -wndtli and loss of lesolution. 

Effect of recording head gap width. 

'I’his effect is same as that of the effect of the trailing field gradient as ex- 
[ihiined earlier. If the gaji width is very small, the field gradient will be greater 
at the [Idle face surface which wdll enable us to use a very thin magnetic coating 
w'hich is desirable from many other consideration. Naturally for thick coatings 
a wddei gap will be desirable to set up a sufficiently strong field to satimate those 
partiele.s some distaiu'c from the pole face. In a nutshell the optimum record 
head gap W'ill depend on the coating thickness, the B-li characteristics of the layer 
surface and the separation betwaien the record head and layer surface. 

Effect of miparation between record head and layer surface : 

Witli iiicrease^in separation the layer surface is subject to a diminished re- 
cording field gradient, which will widen the flux distribution resulting in the loss 
of rosopitioii. Tins loss can be minimised by using a coating wdth a rectangular 
B — H charactnisf-ics, and by designing a record head that gives maximum field 
gradient for tlie particular seiiiiration being used. 

Effect of magnMic cfuiracteristics of the, coating material ■ 

Earlier we have tried to explain, on theoretical gi’ounds, the demagnetization 
curve of the layer material, (equations 40 through 47) and, self-Demagnetization 
of the reeordedsignul (equations 52, 53, 54). Now we apply the term “self- 
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fleniagnetizatioii effect” to pulse Avideniug caused by liie field w'itliin the coating. 

l)\v I fh' 

The field in Iheoating due to the volume element dv will be dll — - ^ 5 , 

where I is the in tensity of magnctizatnm, I)i\ 1 is the ‘■volume ilensity of 
magnetic charge” and r is the distance from the volume element dv to the }ioint 
(a;, y, z) in the coating, 'fhe total field at (x, y. z) wall la* 


// 


Div 1 d/!' 
r- 


(()(?) 


This field Avitliin the coating will act on the pai tides and tend to reorient the 
partiele.s and thereby reduce the resolution. Tins effect can bo redm-ed by using 
a coating matciial with high cocivivity to i‘enienance ratio wdiit:h w'lll minimi/.o 
reoneiitation of particles, and having a rectangular B-ll loop characteristics. 
The demagneti/ang field is loss with thin coating than with thick coaling. Ihus 
from all considerations a. considerable improvement w'.r.t, resolution is achievial 
Avith nearly rectangular hysteresis loop material and a thin coating 



Fig. 21. Cemputation ol V.B. voltage from equation (,‘18) for difforent pliyfiioal paramoterH. 
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IM. AVUACK PK0(;ESS J> T M 1 T A T 1 U N S 


An /‘Xpn^SHioii whm fl(^ ivcd ojitIkm' (oqiiafioii .‘{H), sliowirig how the P.B. signal 
••hiir(U't(M“iHti(iS (lefjend on r-oating IhiehnesH, heafl to medium .soparation and a 
reoordmg eonsfant (a ((tuiputod plot ol equation ;iS is given m Fig. 21). And 
anotluM' expre.ssioii for the liearf output voltage, for tlie signal arra_y using NRZ 
rec'firdmg, ami desfjjhed hy e(|ualion (40) was given hy the equation (54) using 
harmonic analysis. A detailed analysis ol the playbac,k process limitations from 
fhese (h'duclions will iiol he aftejiqderl liere to ke<-p the si/c of the paper within 
a resoiiahle limil, only the salient features will he stated Theoretical and ex- 
jienmenliil findings on jails«‘ width and amplitude as a function of separation 
helween I’.H head and layer snilace agiee well, and the difference may he attri- 
huled to the self -demagnetization and record heiul trailing effects which are 
dcjiendent on ciaiting thickness 


ICJ'fart of f.h. hmil (ja}) ividlh. 

It (‘an he stated fioiu iih^'sic.al reasonings that tlie sensitivity contour of the 
IMl. head should he wide and sharply detined enough to he able to intercept as 
much flux as is jiossihle during reading ojieration from tlie recordefl spots. The 
total flux intercepted hy the head will he 


0. 


w/2 


Therefore, 


T+OJ/Z 

- A- . . (67) 

. r -./2 

where K is projiort lonality constant iinadving numlier of turns in the head, 
surface speed and all other variabh's including w, (w ^ width of the P B. head 
sensitivity contour) Using the formula of Leibnitz, (57) becomes 

fr u/2 (hS) 

The maximum signal amplitude is 

~ 

Hut ^ 0-u,/2. ('max = 

For pulse width at N jier cent of the peak Rm])litude the folloAviug equation must 
hold 

O.O2A^0„/2 W 

Xjf is the head iK^sition where the amplitude has dropped to N per cent of the peak 
\"iilue. The solutimi for 'Ixjff will give pulse width as a function of gap width. 
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But the above equation can not l»e solved direetly as (j) is a traiiHeondental function. 
The equation can be solved graphically for particular systems. One point' should 
be jmn’hed hero is that the effective fiap width is not necessarily the physical gap 
width. And the effective gap width is to be determined, by mcasming the Avave- 
length where the 1st iiiiniina in signal oecuiTed (Bagun. lt)55). So if the pulse 
width IS not to exceed certain limit of an absolute mininiiini, the effective gap 
Avidtli for the aystoin cain bo determined. In general, it would be desirable to 
use the largest gap width consiatcnt, with satisfactory ja rformanci!. 

CONCLUSIONS 

A comprehensive theoretical and experimental invest/igation on digital 
data, recording and reproduction on and from leiTomagnetic layer suitaee of mag- 
ntitic drum meniory has been presented. The boundary value jiroblem has been 
solved to find the distribution of the fringing field in the lerroinagnetic layer 
surface Analytic exjircSBions lor the oiitpidi ol a VVrite-Bead system (unjiloying 
satin ation recording on a magnetic medium iii terms of the basic system jiaia- 
nieters liave been presented. 

The vaiiables involved in tke process ol ]mlKe recording on a moving magnetic 
surface and their influences wei e oxjiermientally studied with a }>ract'jciil magnetic 
drum storage system, v hicli has special teatures for studying the nilluence ot dil- 
forent jiarametcrs 

Both theoretical and experimental investigations, ami physical analysis of tlie 
factors invohmd in the process lead to the conclusion tliut the folloAving are the 
basic requirements for achieving high resolution pulse rc'cording on magnetic 
surface ; 

1) Llecording pole face configuration lor having maximuin flux gradie.lit on 
the surface for a particular head to medium separation. 

2) RcctaiJgLilar B-H looj) characteristics of the coating material to reduce 
the record head trailing effect and tlic sell-deniagneti/ation effect. 

3) Higli ratio of II ^ to to reduce the self-demagnetization effect. 

4) Optimum, recording current. 

5) Minimum coating thickness consistent with satisfactoiy operation to 
reduce the record head trailing effect, self-iltemagnetization effect, and loss ol 
resolution in the P.B. process, 

0) Minimum head to coating separation to reduce record head trailing effect 
and loss of resolution in the P.B. jwoccss. 

7) Largest effective gap width which wdll give required resolution for the 
particjilar coating, record head and head to coating separation so that tolerancoH 
involved in the construction of the head can be relaxed and the performance 
characteristics made more uniform, 

6 
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INFLUENCE OF PERMANENT ELECTRIC MOMENT ON 
THE ABSORPTION SPECTRA OF POLAR ORGANIC 
MOLECULES IN THE CRYSTALLINE STATE 
s. 0. SIRKAR 

OrTK’S BkpahtmunTj Indian AsaociATioN for tiik Cui/j'tvatjon op Scikni k, 

{Rrceii'ed, Deeemhor 18, IftOli) 

ABSTRACT ExprosKiona lor the onorgirri of lulorwtiou of tho thi-oo cuniponontH 
of tho tranaition luoniont of a polar molociilo along throo vofinngiiUir axi*H in tlio (Tyatiil 
with tho pormanont dipoloa of 1 ,lii‘ noarc'ai neighbours have boeu derived, It has boon 
shown that as these energies of the three eojnpouenl ,8 are different from eaoli other Ijie 
absoption band Is expected to be split up into tliree eoinponents, as observed exiieriiium- 
tally in many cases, 

I N T B 0 D U (1 T I 0 N 

It has boon out eailier (iSirkar, J901) that tho ultraviolet absorption 

spectra of uiany aromatic polar molecules in the erystalliiio state show splitting 
of individual hands into three eoinponents. It was suggested that this splitting 
might bo due to interaction between the transition moment of tho molecule and 
the perihanent dipoles of the surrounding molec-ules. An attempt has been made 
in this note to explain in more detail how such splitting originates, 

In Davydov’s theory (Davydov, 1948) of factor group splitting in the case 
of crystals hke those i^f aiithracono or naphthalene heloiigmg to tho space group 
Avith two ccntrosymmetrical molecules per unit coll, two wave functions of 
the unit cell arc given by 

r"= 

where i/fi and ijr^ are respectively the wave functions of the crystal whtm the first 
and tho second molecule in a particular unit cell are excited. 

The wave function of the whole crystal is built ui) with the help of y® and y^ 
for individual unit colls using tho expression given by Seitz (1036) as the suitable 
representation of the translational group. Denoting the wave function, of the 
A:-th representation by corresponding to y“il^, we have 

^ S yV ... (2) 

^jV/2 {n,v,0) 
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Avhere K parts of tlio wave voeior along ike crystal axes 

Milt] //, V, (.) me the nunihcr ot iranslalions along a, h, c axes required to roach tlie 
unit eoll under (•(UiHidcmtion, Here the summaiifm is to be taken over the unit 
(■ells in the crystul. Putting this expression loi- 0"'‘(A«,/.7 „A'c) in the Schrddinger 
equation and ohlainiiig suitable llermitian scalar produc.ts, the expression for the 
(fxcitatioii energy of the crystal corresponding to the wave function 0* of the 
trystal is given )/y 

AA’“ --- \ 

^^Wp+D-\~a\-lpi (3) 

vvliei o ;> 2 I Vpi 1 1 Vj,i 1 0^0,}, (4) 

J.pi is the T'CHOiiaiiec iniojiuition integral, w'p and Wj, are the excited state and ground 
stvole f!jK3‘gios of lliep-th molecule in the vapour slate, all the other iiiolocules being 
in tlic ground state, 0'jj aiul 0^ are the cori’esponding wave 1 unctions of the mole- 
cule, Vpi is tlie jiotential (uie-rgy operator for the interaction between the p-th 
and lAh molecnles, the summation being taken over all the molocules execjit tlie 
p-th one, arul (■ is the energy ot interaction between the two molocules of tlie unit 
(jcll. * 

tSimilarlv, 


^iv'p-Wp^CU\J)-\lp/ ( 5 ) 

So, 20+I^i-rpi (6) 

In Davydov’s thcoi'y applied to the crystal of anthracene it has been assumed 
(Craig and Hobbiiis, 1955) that the transition moment m tlie plane of the mole- 
cule in tlie unit cell can be resolved along the 5-axis and in the ac plane of the 
crystal, respEMitively and that the former component coiTesponds to the wave 
function 0^^ and tlio lattei- to 0"'. The splitting betiveen these two components 
is given b}'^ Eqn.(5). It has boon pointed out earlier (Sirkar, 1961) that when the 
value of the oscillator slrength / is very small the fourth term in Bqn. (3) produces 
the splitting only w ith a shifted component having negligible intensity. 

A attempt is now' miulo to caleiilate tJie interaction of noigh bo tiring permanent 
dipoles on the transition moment of polar molecules in the crystalline state by 
applying Davydov’s theory in a modified form. 

/)nvi/dov's theory extended to polar rnokcules 

According td Davydov s theory the second term J) in the expression for the 
e(ffoitation energy (Eqn, 3) gives the difference betivoen the integral of interaction 
of a molecule in the excited state Avith all the other unexcited molecules in the 
crystal and tfie interaction between the moleonlo in the ground state and all other 
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unexcited molecules. Tliii value of /) remains the same for both the wave functions 
0“ and Hence, tho coiTesponding componenis ol the band being shifted by 
the same amount by this term, no splitting is produced by these interact ions. 
11 it is assumed that tho moloculcs in llic (Tystul haA e jieriiianent dipoles, the 
interaction between tho transition moment of any molecule and all other mole- 
cules in tho lattice is to bo taken into consideration. As pointed out eai'licr 
(bii'kar, lOGl) the expression lor the interaction between two transition iiioiiionls 
can be modifioil to obtain the interaction between a neighbouring permanent 
moment and the transition moment. This inteiaetion I is given by 


where /ii and \Mji\ are ic.sjicctiA'^cly the permanerii moment of the l-i\i molciaile 
and the transition moment, of tlie ^-th molecule, ri^.i is the distance between tlie 
molocidcs Oi^, Oi^ are the angles mnde by the dipole with Vf^i and tw^o other 
rectangular axes perpendicular to and Oj^y. 0^^ are the angles made by 
transition moment Avith and two othoi* axes parallel to tlu^ y and z axes 
mentioned above. 

Taking tlic case of a monoclinio crystal with the dimensions a, b, c and // of the 
unit coll and assuming that tlie transition moment can be resolved into thrive coni- 
ponents \Mx \ , \My\ and | M^\ along the directions of a cos /?, b- and c-axes, the 
interaction bctw’^ooii \Mj.\ and 1<he permanent dipoles of tlie nearest transla- 
tionally equivalent molecules calculated from Eqn.(7) is given by 




I M\/i cos 0^ cos 0^' I" 


cos2(/? 


1 

6=* 


i) 


( 8 ) 


Here 0^, 0^ and 0.^^ are tho angles made by the transition moment and 0,^ , 0,^ and 
0^ are those made by tho permanent dipole with the directions of a cos ji, 6-axis 
and c-axis respectively, (Similarly, the interaction Ijotwaien tlio cioiujionent of 
\My\ along tho 6-axis and the nearest neighhouiing dipoles is given by 


= -el M |/(. fOH 0, cos <?,' J ... (») 

and 

7, - -e|Jf|/*co»y3M)s(9a' I I ... (10) 


liris evident from Eqns.(8), (9) and (10) that the interactions of tho different 
components of tho transition moment wuth the permanent dipoles of the nearest 
neighbours are different from each other. Hence, these conijiononts in the ab- 
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sorption sjMiotra arc expected to be separated from each other, the magnitude of 
separation deponrling on the differences of the axial lengths of the unit cell and 
the orioiitations of [M\ and fi with respect to the axes. 

If there be tw o molecules in the unit cell, the interactions I'y and 
between Die eomjionents | My. \ , | My | and | Mg | of the first molecule with the 
perinauenl diprile f>f the second molecule are to be added to ly., ly and Ig respec- 
tiv(‘ly anrl it is evident that interactions (/j-f/'g) will 

fie quite difi’crent from each other. 

A (! K N O W L E D G M E N T 

The author’s Duinlis are rlue to Professor D. Basu for many helpful dis- 
eussioiiH. 
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LATTICE ENERGY OF ALKALI HALIDES 

S. CHAWERJEE 

Bepahtmbnt of General Physics anj) X-havs, 

Inoian Ahso(’iation for the (Jcltivation of Scteece, Calcutta- 3:J. 

{lieceii}R(J Jhrrmber 18, 1802) 

ABSTRACT. Lailit-o Piiorpry ol ibo alkali bahdcs luis been I'alciilaicd by iwHunmig 
the potential funidion in the form 


wliPi-e. the index n and the oonstant B have bec'n determined from tho eqmlibrmin eondiiioiiN 
and the experimental data on Ihe eompressibility and the inler-ionio distanee. Tiio values of 
0 foi the allcall halides are found to ho very cilosc' to tho exponmontal valiiOR as well as to t)ie 
values I alouhited from the exjiunential form ol the potential function. 1’he values ol tjojnpres- 
aibility and thermal expansion are also (;aUailaled and tho agreement willi tho oxporimenlal 
values is exe.ollent. 


I N T K 0 D U C T I 0 N 

Tho ilieory ol ionu! crystals was first tlcvclojied by Born and lalcr extended 
by Bom and Mayor (lt)32) and several othors, Tlio jntLM’action energy consists 
of an attractive and a repulsive term in addition to tho Coulomb term. Tlie most 
widely used forms for the repulsive potential are an exponential variafiun with 
tho distance or simply an inverse power variation. Results of (piantum-mocha- 
meal calculation favour the exponential fonn whereas tJie inverse power form 
has the advantage of greater simplicity. The former was utilised by Born and 
Mayor (1932), Huggins (1937), Cubicciotti (1959) and othors, but is extremely 
cumbersome to use. It is, therefore, worthAvhilc to find out wdiethor the simpler 
inverse power law is equally satisfactory. 

In an ionic crystal the inverse power law appears to be a good choice because 
there the distance between two ions does not vary widely. In fact the intcr- 
ionio distance will be near about that con'csponding to the potential minimum, 
The energy per cell in an ionic crystal may be therefore represented as 


jf . 0 

^(r) = - — -+-^ - jr ■ 


D 


“hCo 


... ( 1 ) 


where ol is the Madelung’s constant, e the electronic charge, t the intfirionic distance 
-and B the repulsive parameter, C represents the van der Waal attraction, 1) 
the dipole- quadropole interaction and is the zero-point vibrational energy. 

105 



106 S. Chatter jee 

H and n aro to ht* found out from the e(|uili))riiuu relationn (Bom and Huang, 
19o4). 


' (1 ‘IK ] 
Ik ar /,. 


d '^P \ 

1 9y 

A’ , 




dr- ! 

'r-r„ - /{ 

^T,P 




1 


DV \ 

( ^ -1 

2T 

(QV\ 

\ OT 

Ip ^ II^V 1 

dT Ip 

' dP It 


\ OT 1 


and ji JH tlu* (!om])i'o«Nil)ilitv. If V in the iiKjIar volume*, then 'V — VjN — Kr^ in 
whidJi fi IS a (!oiistaiit that ih fhaiactenstic of the type of the lattiL'i*. 
llofiMitly, Slifii'jna and Madan (1061) have assumed the* value 


'Phev argued lliat in ionic crystals the ions are of the same* eh'-e1i'onie struetiirc 
as the inert gas niole(u](‘K and theivfc rre it is possible to desenhe a number of 
projicrties of ionic ciystals with the hedp o( Leniiard- Jones (12. 6) pedtiiitial in 
conjuiuMion with tin* (Coulomb energy. Th(*y have cal(;ulat(*.(l only for a lew nlkali 
Jialifles and the resiills are none too satisfactory when comiiarorl w'itli the expeui- 
iiiental value's. The' assumption ed the value 12 lor the index is, howe^veu', open to 
e|iie*stion as Horn iomid the value 0 to be nieu’e satisfactory with ?? actuallj'^ varying 
freuiiG to 12. Born, however, diel not take the attraction terms involving the 
invei'sei poweis 6 and S. Thercleire, we thought it desirable lei include the 
altrai'tion tiwuis also in the Beirii e‘xprossioii tei find out a bettor valuej eif n from 
the experiiiUMital data and see if it is pt*riuissible to take u = 12 in conformity 
with the well-known Lenuarel- Jones potential 

(!ALCl] L AT 1 OF THE P O T E N T 1 A 1. 3^ A K A M E T E K S 

J5 A N 13 n. 

Fi'om (1) we can wTite 

, ''1^ 4 I ^ (4) 

dr r r" ^ r” ' r* "■ ' ' 

, )i.(h 4 1)/? 42f' m> 

dr-s r r« r® “■ 

TIius eoinbiniiig (2) anel (J) wath (4) and (5) wo get 
2ae- 426’ T2D 


'or' HI) T/ dV \ 

> + ,.4 +',,8 - if gf jj 


-1 


(6) 
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R _ r : 66’ , 8/) ;)A>» T ( dV \ 1 

^ A r ~~r /J* 


... (7) 


The expei’imentiil values tor ilie iiiler-ioiiH' distances wore obtained from N. B. S. 
Cire. (1953-1957) excepting Lil and RbF whose values neio taken from M. L. 
Huggins (1937). The expiirunontal values of compressibility wore taken from 
K. Spangenberg (1951)), K. Spangoiiberg and S. Hunssiihl (1957) and Briilgeman 
1940). Values of C’, D wore taken fioiu Mayor (1933). Using these values n is 
found out fi'om 15q. (6). 

The values so obtained a.re reciorded in column 3 of Table I, along with the 
values obtained by Born. It will be soon that the values o1 n now lui in a nuu-h 
closer range (from 9.43 to 10.99). The values for UsCl structure are seen to be 
higher than those for NaCl structure. Fiirthei in t-he NaCl structure, it increases 
slightly as >ve pass fioni Li to lib, i.e., as the radius ol the alkali ion inc.reases, It 
also increases slightly vith the increase ol the radius of the halogen ion, but the 
increase with the positive ion radius is more marked. 


C A L C U L A T I O N OF T HE 0 U Y S T A L PRO P E B T I E 8 
(a) Lattice eumjy 

Once the paranioters Ji and a arc calculatod it roniains only to know' the zero 
point energy Cq. 3’he Van der Waal's eonstaiits 6’ and 1) wore ostiinatcd by 
Mayor (1933) by earijful analysis of optical data. These were tabulated by 
Huggins (1937). This has been calculated by Cubiciaotti (1959, 1091). 

TABLE I 


Subfltaiioo 

Vuluo ol n 
(Born) 

H trojn 
E<i. (0) 

Su))»tan(;o 

Value uf n 
(Born) 

n frurn 
Eq. (6) 

tj F 

(1 

G.43 

Ub F 

8 5 

8.37 

Cl 

7 

(i.02 

Cl 

6.5 

0.59 

J3r 

7.5 

7.33 

Ur 

10.0 

9.76 

r 

8 5 

7 87 

T 

11.0 

10 49 

Na F 

7 

6.59 

C.S F 

9,6 

8.00 

Cl 

8 

8 68 

Ca Cl 

10.5 

10.60 

Ur 

8 5 

8 60 

Br 

11.6 

10.47 

I 

0.5 

».07 

I 

12.0 

10.28 

K F 

8 

7.79 




Cl 

0 

8.03 




• Ur 

8.5 

9.36 


* 


I 

10 5 

9 6 
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The iiirliviflual terms in Eq. (i) have been oalciiJatod for r — the equilibrium 
ionic diMtance. Tlu^se terms are suimiied up and recorded in Table II, along with 
the oxpeninental values and also the theoretical values calcailated by other workers. 

It will be seen tliat the values obtained arc abnost as good as those obtained 
by (hibicciotti ])y using the exponential form which involves complicated cal- 
culations , 

(b) CrynUd coinprcfinfnlUics: 

b'roni the knowledge of /I, n, (), t) we can calculate the crystal compressibilities 
which can be compaieil w ith the obseivcd values. From equation (3) w^e have 

TABLE J1 


SubHlilllU''' 

VjiliU' ol n 

ProKOiil. 

wfirk 

energy in K eal/jnoJc 

lOxpmjnenial Calrulated 
by Miird /i 

CalciiliUrd 

by 

( Jubioeictli 

U F 

a 43 

240.0 


240 1 

246 8 

(’1 

a v2 

198.7 

198.1 

199 2 

202 0 

Hr 

7 33 

188 12 

189.3 

188 3 

190 7 

1 

7.87 

175 3 

181,1 

174 1 

176 8 

Na F 

0 5!) 

217.4 


213 4 

218 7 

cn 

8 68 

187.2 

182.8 

183 1 

185.9 

Hr 

H 60 

176 7 

173 3 

174 6 

176.7 

I 

0.07 

164 0 

166 4 

163 9 

164 9 

K V 

7.79 

194 5 


189.7 

194.4 

V\ 

8 93 

168 9 

164.4 

105 4 

109 4 

Hr 

9 3(5 

162.4 

166 2 

159,3 

102 4 

I 

9.60 

152 7 

161.5 

150,8 

153.0 

Kb F 

8 37 

187 2 


181 4 

185.0 

Cl 

0 50 

163 4 

160.5 

160 7 

164.0 

Br 

9 75 

166 7 

163 3 

153 5 

167.6 

I 

10.10 

148.0 

149.0 

145.3 

148.7 

Cs F 

8.06 

178.0 


173.7 

178 7 

Cs Cl 

10 66 

166.2 

155.1 

162.2 

155.0 

Br 

10.47 

160.2 

148 6 

146.3 

151.1 

I 

10.28 

141.1 

145.3 

1.30.1 

143 7 
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P = [ _ ?«f . + ])if _ 426’’ 72Z) 1 

■ 'L r J 


(«) 


T.» ^ "ital ' “• “■•'"■“••"i- ..I.™. 


table IJJ 


^Sub,stan^Jo 

Ft,v 

at r=i>98“/i: 

/I Xl0-i2 

Eacp. 

XlO-ii 

Calc. 

«'xlO-r» 
Kxpl . 

a'XlO-'- 

Calc. 

Li F 

9899 

I 43 

1 43 

9 2 

9. 18 

Cl 

8843 

3.17 

3 14 

12 2 

12.24 

Hr 

8803 

3 90 

3 90 

14.0 

14 00 

X 

9192 

5.3 

5 30 

16.7 

10 7 

Na F 

.824 

2 06 

2,05 

9 6 

9 956 

Cl 

1 0332 

3.97 

3 97 

11.0 

11 01 

]tr 

9501 

4 75 

4 75 

11 9 

11.86 

I 

9949 

6 21 

0 35 

13.6 

13.50 

K F 

. 8897 

3 14 

3 14 

10 0 

10.0 

Cl 

0601 

5.50 

5 39 

10 1 

9.93 

Hr 

1.0074 

6.45 

6.46 

11 0 

11.07 

I 

.9784 

8 07 

8.00 

12 5 

12 00 

Rb F 

.9470 

3.66 

3.66 

9 5 

9 5 

Cl 

1 028 

6.16 

0.10 

9.85 

9.67 

Br 

1 . 0457 

7.38 

7.31 

10 4 

9.81 

I 

1.078G 

9.00 

9.00 

11.9 

11 14 

Ca F 

.9443 

4.25 

4.25 

9.5 

9.49 

Cl 

1 0078 

5 55 

5.55 

13.65 

13.06 

Br 

9568 

6 26 

6.30 

13.9 

13 97 

I 

1 . 0062 

7.83 

7 83 

14.6 

16.27 
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(c) Thermal expansion 

'fhe thm iual cxpannion c;an al8(» bu calculated and compared with ihe expeii- 
mcrital values. Dividing (2) by (,*i) and using (4) and (5) we obtain for the coeffi- 
cient of thonnaJ exjiansioii a' tlu* relation 


a' --- 


/'V,/* 

t' 


ac2 _ nii ()c Sp 

r r® 

2ac^(_'ii(«H-l)7? 42r'_ TID 

r r” r“ 


... (9) 


The values of a' calculaicid from (9) are given in Table ITT along w ith the experi- 
nuiiital values. The agreement Avith the cx])eiimental values is again quite satis- 
factory, excejit in the case of (JsJ where jn oliably some of the experimental data 
utilised are in error. 
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THERMAL DIFFUSION OF BINARY GASEOUS 
MIXTURES 

S. C. SAXENA AM) H M. DAVE 

PiiYHit'S DisPAimiKN’r, Ka.tasthan I^nivkhsity, .lAii’rii, India 
{lit'ccioad June 12. 1062) 

ABSTRACT. lligorouH tlioori'lioal rormiilac ai-covdiun to C'JuipD'nn nnd (‘owlmg, mul 
Kiliara upproximaijoii Hclu-mi'h JiavD Iuh'u druvi-c? lor Ilm llii'tiiiul dd'lusjoji I'lulor ul hucIi 
binary tnixlures vvhoro l,hc liglHor romponcnl' is in IravD. lioio ^ll(^ kiunvu Dxijri'hsjons lor 
tlin goiipral cast* Tliosc' founiilao aro luitlicr simplifiod by (‘Xpaiidmg m powers ol lJu' 
vutu) ol molecular uiasseH. 'I’bn lall.i'r expressions aie aiiupler and pndVrabh' foi mniierical 
eomyniUiticn Saniple mi.nu rical calc ulaiions K'vcml iliat 1-lie eonveigciu (« ol llie Lbeorclical 
fornuilae I'nr this case js poorer as coiiiyiared io t.lio other end oi the cojiijiosition range, tlu* 
inagintufle depends niion l.lie system and tlio tejnjaTature larige. 

1 N T R 0 D U (1 T J 0 N 

llecoiit iittempts, WojHSinan, S.ixojia and Mason (lOlil), Siixciia and Mason 
(11)5(1), HovbbHib and RisteinakcT (1959). Mundy (195S), (liw, Johnson and Noal 
(1954), and Cmv and Ihbs (1952), to luensnio acnirately llie ihonnal diffusion 
faotor, ay, have iiouossiiated an aeenrate kiunvledgi^ of the. Ihoorotieal expression 
for ay, so that a precjsii interpretation of the expenniental data may be jmssible. 
A eonsid€;rabl(^ aehieveiiient is due to Mason (1957), who ext(*n(h'd th(^ forniidae 
to higher aiiproxiinations and perfoiTticd ealeulations for some ideal mixtures. 
Real systems diflcr from thi^se idiuvl mixtures and the eonelusions derived Irom 
the latter may not hold tor the foiiner, at least (piantitalively, For this naison, 
Saxeiia and Dave (1901) investigated the binary mixtures uhere the heavier 
eomponent was in trace In this jiajier those Imiary mixtures are eonsidererl v liieli 
have the lighter component in trace, and therefore [iiovide llio otlier end ol the 
composition range. These two investigations together besides (‘nabhng to esti- 
mate the entire composition dependence of ay also laciIitat/C analysis ol exjiei’i- 
mental data of binajy systems where one comjioncnt is a l adioactive gas and is 
in trace. A knowledge of the appropriateness of those approximation schemes 
at the tAvo limiting ends may also provide some cine for the use ol these scliemcs 
in assessing ay expression lor the midille range of the composition. 1 heoretical 
expressions of ay dei'ived according to the appi'oximation procedures of CJiapman 
and Cowling (1952) and Kihara (1949, 1953) have been considered. The rigorous 
expressions are further simplified by expanding in powers of 71/, where 
M =*( 71 / 2 / 71 /,) and J/g and 71/, are the molecular weights of the lighter and 
heavier components respectively. Convergence errors as Avell as the adequacies 
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of the wimjjltjf cxpieHBioiirt are iiivcstigatefl by performing calculations for the 
Hpecific HystemH. Stuiie preliniinaiy results have been reported by us (1962) 
earlier. 


F 0 H M U L A E FOR aj. 

(>hnpman and Cowling/ Mtihod 

The gerwTal w-tJi upf)roxiuiation tr) (Xj, is given by Chapman anil Cowling 
(1962). To tlic first approximation for liinary systeniH when the lighter compo- 
nent JH in trace wo get 



VI 


... ( 1 ) 


The various ai i^ funct ions of molecular weights of the two gases, and collision 
integrals, and are given ly Mason (1954, 1957). Equation (1) can be put in the 
more familial' form as follows : * 




where 


„ , li, / 2M, 

‘ "M„\ ^ 2(Mi+]U.)‘ ' 


... ( 2 ) 


(3) 




+3 


, 


(4) 


■■ Oi/V*' 


C * — and Z' = 


(5) 


Here 0^**i"’* are dimensionless reduced collision integrals and are defined so as to 
be equal to unity for rigid spherical molecules of mutual diameter cy, Hirschfelder, 
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Curtiss and Bir<l (I9fl4). For su.-h mixtures. Ihe seeond „ppn,xunati.,u to 
IS given by ‘ 




{(«'- 




4-(«l_2rr/22—ft''izif2-2)(M 1_2'- 30 " -l-l)} 






20"' -l_2\ /] 
^' -10 -2-2' ' 




.. (ft) 


CoiiHiflonibU' siinjilific.ation occurs in ilio exprcHsioJis of if they arc expanded 
ni terms ol the ratio Thus, for the first approximation wo get 






( 7 ) 


where 


r-(l/]0)(25-l2«,/). 

Similarly, for the seeond approximation we get 

L«rJ2 = -BsM'IKI 

l\-{l+B.,M+B,M‘}{B,BJB,„)] - 

-■B.i(S,o--B As) --812(1 0 YB„-f\B,)]M-‘/^ 

-I- ... (fl) 

where 


= (6C„*-6)/2y, 

B = (8^„*-7)“(77-lJ2£;,i»-f80F„*)-‘, 

= l-(8^„*/6r), 
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Ji, -{HA,,*inrf (i5-j-8.4i./)(5y)->, 

Ji, - UA,,*- *- {HA,.,*ir,Y), 

. _ 21(5 87/,,,*) 

‘ s/j„ r n)’Ii„ ^ ' 

Jl, (1A,.,*-Hll,*)lif^ «,//,„-> I y'f . 

_ -Hr> W',^, a,(7.i„»-. 8//,/) 7V _ 77,, 

*S7 j„ ^^10 

/;, (4!)/2)Ji,,*- rxi//,,* f 

-(Tri/Mi) [ 1271^.* *)(',.* (Kl;4)/7j,*, 

/i„ (I7r./:i2) j {22r»/l(iK*,/-l5r/i,* (57/8)77,/, 

77, „ -(1225/128)1 (515/4)7’, /- (5mVl())/7,/ | 45./,/-]()56V/, 
77,, - 55 12/?,/- JflJ,/. 

7?,, =--- (51)5/52) I (5/10)7',/ - (57/8) 7?,/~]57;,/--7.4i/H- 877,/, 


/7„-47?/|57?„/', 


A’,,* - 


j,' * 
j ij 

Jh/V*’*' 

f) (2,2)* 
lllj 




Jly* - 



■I.J* - 

£1, 

A^j• 


... (10) 


If u'c put. 717 - 0 in lOtjs (7) and (9), jcj, expiessions correspond ing to Lorentziaii 
gas niixturos ri'sult. TJiose are 

K'Ji - L«friLi-(^A«u/i?io)]Li ‘ {4By‘:yyB,,)]-K 

TJiose expressions uero earlier dcrh^otl by Mason (1957). 

Kihara and Extended Kihara Methods 

tlio first approximation when the hghtcr e.omponcnt is in trace the thermal 
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diffusion factor la'™l i ' 

0. which is no„- died af h.l,:!'"" 


()' 2Z' / 2M \ i r 

' j? ] .. (U) 

The second approxii nation to a, for such mixtures is 
= IMitl I A",) I K'„. 


:v__ 

^ 1-1< -u-j 


A"., _ ( ^'1 -I \ - r « -10 ^ 

I 7 ir / / ft/ /-,/ - 




=/ -1 /- 1, ffV". a\, cr„ 


u^. f", 

2 . 1 /j ) r_j_, ' /,''„C'V '’'_,-1 ]■ ■■■ 

The various a„ and Q arc defined l.y Mason (IH.M, l!t57). ISquations (11) and 
( -) are much simphfiod by expanding in ponrers of M. Thns. wo have 

l«VJi S (66',._5)[ 1-. (l _ M..* j 

(^^„*-l)}f»f^|...], .„ ( 14 ) 


[a'j,]2 =- [«!.], { H- (6C,j*-5)a+ | («C„*-5)jBj,} | 


8 



no 
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( ^ -4„*- J ) - B,^ ^ ^,2*-l) ] -ff 

1 ^ (fif;,2*_5p f *_ r,)-i{6(;,*~r,)(\+iii^) 
r.vii «' ^ 


- IO«i,(I-t-7<iJ-|-2(r.-2/(„»)/{„} J(/“« 


- [(“tJi 

f., 448.1,,*= 1!»2.. . ’!»2 , 

r‘“ 25 + 35 6 



} ~ {fi («^-'’ii*-7)WV-5) 


(- 


m 

/44« 

\ 25 

^..*^-0- 7v„* - A,*+ ^ 



... (15) 


^^herc 


Bi 5 = 


7((lt\/--5)^ • 


In Mvitinp; Kq. (15) it lius bctMi tacitly assiimod that [a^J^ ~ \j ^' ^ 2 
Lorontziaii gas mixture. ThiH procedure is valid and consistent with the Kihara 
approximation scheme u'as brought to oui‘ notice by Prof. 15. A. Mason, and we 
are extremely grateful to him for this suggestion. If ilfj >> so that M can 
be necglected, we get the following simple expressions for adn \pL' respec- 


lively : 

t«V]i" - (l/2)(61.'„*-5), 

.. (16) 

and 




[ 1+ /g (eC?„*-5)=+ z (6t'.,*-6)- (5-4B„*)] . . 

.. (17) 
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These expressions have been aheady derived l»y Mason (J957) for a Lorentziau 
gas mixture. 

DlStJUKSlON 

The formuiae derived in the previous scetion will l>o extremely useful foi* eal- 
culating the thermal diffusion factor of binai'y mixtures when the lighter compo- 
nent is in trace oi‘ is a radioactive tracer. The experiment o(‘ the latter type 
are not yet performed though data on such s^^stems wiW ho interesting to determine. 
Before putting any confidence in the various formulae it will he essential to esti- 
mate their adequacy. In lliis section we will report the results of numerical 
calculations for a fe\i’ iiiixtuieK t.o threnv light on this point. Niimoricul computa- 
tions of this nature for ideal Lorentzian gas mixtures were jierfoi’meil by Mason 
(1957). Tlie values of thermal diffusion factor obtained by considering terms 
having powei s of M as zero, one, one and a hall, and two will be referred to as 
iind \ol ’ respectively 

TABLR 1 

^^lrlous calculated values of a'j, as a function of temperature for Ar-Xe 

and Hc-Xt mixtures with the lighter component present only in traiai 


System 

T 

Kt]i 

i^'Th 






JOO 

~0 0248 

-0 0250 

~0 0245 

-0 0261 

-»0 0261 

-0 0247 


200 

0.0326 

0 0306 

0 0282 

0.0312 

0.0318 

0.0290 


;iou 

0 0909 

0 0880 

0 0866 

0 0870 

0 0667 

0.0866 


400 

0 143 

0.133 

0. 133 

0.132 

0.129 

0 131 


600 

0.171 

0 103 

0 170 

0.160 

0.156 

0 160 


700 

0 209 

0 199 

0 214 

0.103 

0 183 

0.199 


900 

0.229 

0.22.3 

0.242 

0 212 

0.200 

0.222 

Ho-Xo 

200 

0 270 

0.265 

0 267 

0.254 

0.264 

0.256 


»00 

0.307 

0.301 

0,307 

0 303 

0.303 

0.303 


600 

0 329 

0.340 

0.346 

0.341 

0,341 

0.341 


700 

0.332 

0.340 

0.3,63 

0.348 

0.347 

0.350 


900 

0 336 

0.360 

0.366 

0.349 

0.348 

0.349 


' The calculated values of the thermal diffusion factor as a function of tempera- 
ture for the Ar-Xe system, Ar, present only in trace, and He-Xe system with He 
in trace, are recorded in Tables I and II. These calculations are according to tlie 
familiar Lennard- Jones (12-6) intermolecular potential in conjunction with the 
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poioniial parameterH of Lunbeck (1951), It is ween from Table I that for the 
Ar-Xc HyHtem where the vahio of M ih appreciable, consideration ol terms upto ' 
is Huflifieiit. For Hystems where M is small [a'yla* even sufficient. 

Thus. I’or the Ife-Xo system find that the contribution of terms having powers 
of M greater lhari one is ncgligilile, so that important to 

notice in Table 1 that, the convergence of a'y is poor though the degree depends 
on the specilic system and temperature range, aiul vdll have to be investigated in 
each case individually. Simpler foiiuiilae worked out in this paper are specially 
suited for this v^ork. In any case it seems very likely that the oonvoTgenoe 
error m most of the cases will lie greater than the jirecision of the experimental 
meaHuromeiits. Some caution is, therefore, needed for interpreting experimental 
data on this end of the compoNition range. 

TABLE 1 1 

Calculated values of a^, as u funetion of temperature for Ar-Xe and 
Ile-Xe systiuiis when the lighter eoinjionent is present in trace 


System 

T 

[“tIi 

[“I'h 

[ojiJaiiPl'mx* 

Ar-Xe 

100 

-0 0250 

-0 0234 

-0.0181 


.100 

0 0896 

0.0887 

0 0977 


500 

0 159 

0 167 

0 200 


700 

0.180 

0 202 

0.238 


000 

0.200 

0.212 

0.248 

He-Xe 

100 

0.260 

0 280 

0.279 


600 

0.284 

0.300 

0,304 


700 

0 288 

0.296 

0.306 


900 

0.286 

0.318 

0 313 


♦Values obtained ancording to Eqs. (9) and (10). 


Similarly, eumputed values of aj, for these two systems and as a function 
of temperature are reported in Table TI. Some conclusions are straightforward. 
The convergence of is quite poor in this case too and is worse than on Kihara 
approximation scheme for these two sj’^atems. Unlike Kihara approximation 
i-esults; the simpler and approximate formula derived on Chapman-Cowling 
scheme has poor validity for the Ar-Xe miJttures' however, it is somewhat ade^ 
quate for the He-X© system, 
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(CONCLUSION 

The oonvergence of the tlif'ui’etiral ex press ions for aj, is ])oor for jijjproxi- 
mately Loiontziaii gas iinxlures i.c. ^ X.^ Imt Jl/T^ > is not nccessarilv 
true. The degree differs from mixtuie ti^ mixture and Hu* lemporature range 
and Avill have to be nivostigalod mdiv iduaUy, 8implei‘ lormulae derived in this 
paper will facilitate sueli lui iuv(‘stigati(m and will eonsiderably reduee tiu^ (iom- 
putatiomil labour. It would be very interesting to flevelo]) a third approxi- 
mation scheme which may have better eoiivergenee erroi* than either of the two 
discussed m this paper. 


U E VK KE NCE S 

(Chapman, S . and (-(rn'ling, T 0 , lt)l»2, Tho jMatliemaiical Tla-ury at Non-lJiiiform Ouhopi 
(C tijnbi'idgr'i ■ CtuveTsity l^rcsn). 

(h'ew, K. E , and lltlis, T. li , 1952, Tlu^vnal Diffusion m Casus ((''ojuhndgi* : UniverHity 
Press). 

(ij’nw, K. E , Jolinsoii, F A , and Neal, W. E. J,, J954, Proc Roy. *S'oc., 224, 51 H. 

Heymami, D and KiHicmuker, .1 , ]{)59, Pkymvd, 26, 556 

Hirscbh'lder, ,i. (),, (\ir(iHS, C F, and Hiid, U. H., 1954, Mt)le('iilur Theory ol Cases 
and Liquids (John Wdey and Sous, liie., New N'orJe), 

Tvdiara, T.,1 949, Iniperleet Cases, Originally ]aibhshed in Japaiu'sc' (Ahiikura Uookstore, 
Tokvo, and, translatod info English by the V S ofTioi' el .Air h,(<Ht>aiTh Wriglit- 
Pattoiaon Air Foreo Ease) 

Kihara, T., 1952, Jfev^. A'Jodarn Phys., 25, 831, 

J^unbcck, R. 1951, Tliesis, Amsterdwri 

Mason, E. A , 1954, J. ('Item. Phyt.., 22, 109. 

Mason, E A., 11)67, J. Chem Phys., 27, 75, 782. 

Muudy, .1, N., 1958, Thesis, Umversity of Exeter. 

Saxi'na, S. C., and Mason, I'L A., 1959, Moi. Phys., 2, 379. 

Saxena, S (!., and Uave, S. M., 1961, Rev». Modem Phys., 38, 148. 

,19(i'2, Mohcuhi Phyn., U> b(' inihhshr'd. 

WeisBinan, 8., tSaxena, 8. C., and Mason, E. A., 1961, Pltytt. Flnidn, 4, 043. 




INDIAN JOURNAL' OF PHYSICS. VOL. 36, 1962 


Statenwnt altout ownerthip and other particular* about 
7010117 


1* Flaco oClhiblioibtiOD 

PeHodioity of its pubU<iation 

3. P^lnter'd Nftme 
Katicmality 
Address 

4 , Publiehor’s Uame 
NatioiiiaUty 
Address 


5. 


Editors’ Xtimes 

Natioaaliiy 

AddruBB 


1. Prof. K. Banerjee, 
Indian, Director, 

I. A. C 6., Jadaypur, 
Calontta*82, 

2 . Prof, D, M Bose, 

Indian, Director, Bose 
Institute, 93/1, Adiarya 
Prafulla Oh. Eoad, 
Caloutta-3, 

3 Prof. S. N. Bose, Indian, 
National Professor 
22, Isvarmill !tsne, 
Oaloutta<^6. 

4. Prof. S. D, Ohatterjee, 
Indian, Head of the 
Dept, of Physios, Jadav- 
pur Dmyersity, Jadar* 
pur, Oal0ntta42, 

5. Prof.P.B.Oill,Indianr 
P!rof of Pbysios, 

Hnallm Dnirersity, 
AUgarhi 

3. Prof. B. B* IChast^, 
Indian, Khira Prof of 
PhysiOB, Dniversity 
Chmage of Boienoe, 

92, Aoharya Pralim 
CL Boad. Cialecitta*9. 

7* Prof D. B-Eothaifi, 
jbidian Prof, of PMcs 


2 and 3, Lady Wdhngdon Eoad, 
Oaloutt5d-32 
Monthly 

Kalipada Mukhorjee 
Indian, 

Ika Press, 204/1, B. T. Boad, 
Alambasar, Calcutta-SO. 
Bamarendra Nath Sen 
Indian, 

E^trar, Indian Association for the 
Cultivation of Science, 2 and 3, 
Lady Willingdon Eoad, Jadavput, 
Oalcutta-3^^ 

g. Prof. B, K. Mitra, 
Indian, National Pro- 
fessor, Institute of Eadlo 
Physics 3c Electronics, 
92, Aoharya Prafella 
Ch. Eoad, Cslcutta-O. 

9. Prof. B. D. Nag Ghau- 
dhun, Indian, Director, 
Baha Institute of Nu- 
clear Physios, 

92, Aoharya Prafolla 
Ch. Ed. Oaloutta-9. 

10. Prof. K. E. Eao, 
Indian, Principal & 
Head of the Dept, of 
Physics, Andhra Uni- 
versity, WaJtair. 

11. Dr. D. B, Sinha, 
Indian, Dept, of Appli- 
ed Physics, Unlversily 
College of Sdenoe, 
92, Aoharya Prafolla Gh, 
Eoad, Calot)itta-9. 

12. Prof.B.C.Birksr<Secy. 
Board of Editors) Indian, 
Indian Association fer 
the Onltivatfen of Boi, 
Jadaypur, Caletitta-82. 

13. Prof. B. N. BdvCfltavai 
Indian, ltA.C.B„ Jadav-* 
put, Calent4-3l 


DeBMU4v^einity,D#d. 

9. NMo an^ aitdress of the pfeprietor^.ind|sn AiMK>ciatfen for the Cialtlvatfen 

of Bdencej 4Nlh>vpiir, Caleiitta^Jili, 






COHTSKtl 


tm 

$. A SMy ♦hi li»twl<Mi of 

AnIiolt—S«tya Prtkwh MdlNfcn4Lil Singh •« — *-* S? 

A Sfii^y on Ktoording and Roproduoffon of Digital Data on and f^m 
Magnatlc Drum Surfaoo^ OwijwH Dttita Majnmdw •» 0 

I0> Influanae of Parmanant Slaetrto Momant on tha Afaiorpfion Spaefra of Rplar 

Organh Molaculas In tha Cryitalllna Stata—S* C. Sirkur ••• lOl 

11. Lattica Enargy of Alkali Halldai-^S.Chatteriae ... ...105 

12. Tharmal Diffusion of Binary Gasaoui Mlxturai-" S. C. Saxena and S. M. Pave 1 1 1 


jgiaagAM Moamwig; Bii 'PtlWBi 
AMogwWM 



" WWAN JOURNAL OF PHYSICS 

( ft»WhW h wlUttnfyn with the Indian Phfmal Saeutt) 


Voi. 4fi 


PROCEEDINGS 


OF THE 


INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE 


MAKGH )9i3 


PUELilHtD BV THE 

(NpIAN A|SOtilAtK)N m THE CULTIVATION OF SCIBNOB 

amrrA 



board or BDWOB* 

aJrSi B.D.NAOOHAimKUffl 

8 D. CuAwrarii* K.R.Ei*o 
p 8 flttL D.B.SwiA 

Sr'Saowi* S.O.Sni»«(S««tofff) 

3.% S»IViS®iVA 

EDITOBIAL COLLABORATOBS 


pBOF* B. K. Astmui, 

Pbof. 1 >. Bastj, Pa.D* 

Bboj, V. 0 . Ban®. E«® 

Pao»,A.Bo 8 »,D.So.,I'.®fX , 

ttof. B. K. GaiSBABiSiiv, u.Bo., if JS. 1 . 

Db. J. S. CteiiraWM 
: Db.RDmOowa. RB'D. ^ 

VMt . % N. Das Opwa. 

j)».J.Diu»,DJP®tt(So), 

j?BOJ. A. K. Dw*. ®‘®®- - 

EbOT. 0. B, OaosH. ,M.Sd., 8.M., 

Ebob.'B. Qho^ D'SO'. 

PB 0 f.S.ir. 6 H 08 H,D^. 

Pbot. 8. Gtiwa, M.So.i 

Pboi. D. N- Kotbo. , 

PBOf. R. 

Ebof. 8 . R- - 

Ebojt. H. Ramhit, D.So., FJI.I- 

EBor.A.SAH 4 ,D.So..I'Jrj- 

Db. Vnouw A, SiwMAi. MA., Ph.d., itjia 

IBi! 

Bun) Lal Sinoh, D«So. 
II».M. 8 . 8 nnu,D-So..I'JI'I' 

,Ew». N. R. Tawm. PbJD., I'.N.I, 

't»l,P.TW«AHBWAW.lI 

iUiiitait Bdilw ; 

, . Sm T. N. Mum. M.Sc. 


Noncis 

TO intending aothorA, 

MMiBser^ts 

of PhyriM. 

Tho manufloripts subniitted * 

tvWitten with double spaee on Ibiok 
Wer with 

at the top- 

ooov and not the oaffbon copy, ahom m 
mSlitted. Bwli ?»P“ »"®‘ 

abstract at the beginning. ^ 

AB refitfOBoeB should he “1 

miAfino the surname of tnei 


TOR Hi . 

All reioreuuoB b»a««*- * .r 

4-Via +,«Tfc bv Quoting the surname of tne i 

SS^D. 

486, ' 

Line diagrams shdnld be .?? 

DPhite Bristofb^ or traomg 
India and 


X ^ of the dii^MM rohnd^eni 
i.Ai abould be iai 


iiilind B®. 26.00 
,For^ ,*2;10-0w |7.9( 


arl“^.£^A"£S‘S£5 

XiStSr:gotWe.in;th^^ 

ST iath end no wrift should he used. 

A-B-E-F*G'M*P’T'W* 
Photogrsnhs submitted for pubBeetto 

CBptaons to sfl flgM« 

to B sheet »d att«died »t the 

be written o«^ .By 
Vua tAlcMi to diBitoguidi between eaff wi 
.n^n tottem and supemeripte and 
a .oomplMt, 

togpenenti iWrid b^' pW '., 



Indian Journal of Phyaioa 


Muvoh. 1903 


Bengal Chemical and Pharmaceutical Works Ld. 

Pioneer Indian Manufacturers of Pharmaceuticals & Chemicals. 

MannfacAnmn of: 

Pharmaceutical Chemicals: 

Caffeine and its aaltas Strychnine Hydrochlor, Strychnine Sulphate, Brucine Sulphate, 
Fotaasium Citrate B.P„ I.P., Sodiunt Citrate B,P., I.P., PotaBsium Acetate B.P., I.P., 
Potaaaiam Iodide B.P., I.P., Sodium Iodide B.P., I.P., * Ferri et Ammon Citrate B.P„ I.P„ 
Nicotinic Acid, B.P., Nicotinamide, B.P., and various other Pharmaceutical Chemicals. 

Heavy & Reagent Quality Fine Chemicals; 

Alum, Alum Sulphate {Iron Free), Ferro Alum, Zinc Chloride Tech. Naphthalene Pure, 
Sodium Citrate A.R., Potaaaium Citrate A.R., Magneaium Sulphate A.R., Sodium Sulphate 
Anhydrous A.R., Potaasium Iodide A.R., Sodium Chloride A.R., Zinc Sulphate A.R., etc. 
Please refer your enquiries for the above items and other chemicals In the line to i — 

BENGAL CHEMICAL 

S, CANESH CHUNDER AVENUE, 

CALCUTTA-IS, INDIA. 


NON-AQUEOUS TITRATION 

A monograph on acld-basa titrations in organic solvanis 
By 

Prof. SANTI R. PALIT, D.aSc., F.R.I.C., F.N.I, 
Dr. MIHIR NATH DAS, D.Phil. 

AND 

Mr. G. R. SOMAYAJULU, M.Sc. 


This book is a comprehensive survey of the recently developed niethods oi 
acid-base titrations in non-aqueous solvents. Acid-base concept ^ 
by Lowry-BrSnsted and Lewis is succinctly presented in this slender wlume. 

jtration’ is described at a great length 
acetous titration’ including its recent modifications for 
the estimation of weak bases. Various methods for the Utration 
arc duly described. A reference list of all pertinent publications is included in 

this book. . , 

122 pages with 28 diagrams {1954) 

Inland Ra. 3 only. Foreign (inclnding poatoge) f 1.00 or Sa. 


Published by 

INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
JADAVPUR, CALC UTTA-32 , INDIA 



March, 1963 


ian Journal of Physics 


ii 


Measure 

and plot changes 
in variables 
as they occur... 
with 

BiechmiK 


SleShoniK 

ADJUSTABLE SPAN R£. 
coroeR mca&iii'es spans 
and magnitudes of a variety 
of emf t Instrument calibra- 
tion can be in terms of any 
variable reducible to d c. 
voltage Can be used with 
thermocouples, strain 
gauges, tachometers and 
other transducers 



instruments for research 

Ucrc's an cxccplional group of insirumenis lo measure 
nntl record your research findings swiRly, surely, convcnicmiy. 
These ElecironiK insiiumcnis for rescaich can speed 
coiuplciioii or your projecis by eliminaimg many of ihc icdious 
iimc-consummg dciails of lesi work 


ituPumiX 

FUNCTION PLOTTER automatically and continu- 
ously plots a curve which shows the relationship 
of one variable to another Typical uses: speed 
versus torque, stress versus strain, temperature 
versus pressure, plate voltage versus plate current 
(and other electron tube characteristics), and 
many other variable relationships 



£ie£honiK 


BUEPumiK 

EXTENDED RANGE RECORDER 
facilitates measurement of any 
linear variable whose values 
change over a wide range, and 
where precise evaluation and 
good resolution are Important 
This Instrument is particularly 
suited to the measurement of 
forces In conjunction with a 
strain gauge bridge 



Honeywell 

fjfl T^t£io(3hCtOt 



accurately measure d c 
potentials as low as 0 I micro- 
volt and spans as narrow as 
100 microvolts. Available as a 
precision Indicator, circular 
chan recorder and strip 
chart recorder. Useful (with 
'appropriate primary measur* 
ing elements) for measuring 
differential temperatures and 
slight variations In the tem- 
peratures of small objects 
through the use of radiation 
pyrometry. 


Sold and serviced In Indio exclusively by 


BLUE STAR 


BLUE STAR ENClNEERING 
CO. (CgilcutU) PRIVATE LTD. 
7 HARE STREET, CA|.CUTTA \ 

Alitt at BOHPAY • OEUHI 

MADfIM 4 JAM$H9Pf>VK 





Indian Journal of Physicfj 


iii 


March, 1963 



ZEISS THREE-PRISM SPECTROCRAPH 

A glfias-lype spccttxi^raph mfcli Furcsicrling set (>fj)riMms of high-power aud ro, si living 
capacity, large disperHion and excellent definition of lines, self-contained cinistriiction. 

Equipment with 3 cameras : Camera f — Jil cmF/2.t and camera f =: 27 cm F/r).4 fur 
feeble-light jiheuomena (Raman effect, iloureaence of flame-speetra, etc.) 

Antoonllimation camera f — 130 cm F/2fi for ta-king complex emission spectra in the 
visible region (special typo steel, rare earth 6tc.) 

Solves all spectra- chemical problems of organic and inorganic nature. 


VEB Carl Zeiss JENA 


SOLS AGENTS IN INDIA ■ 

GORDHANDAS DESAI PRIVATE, LTD. 


PHEROZSHAH MEHTA, ROAD, BOMBAY 1. 

^ Branches : 

Z2, Linghl Chirt'ty Strest P-7, Missiou Row Extension 4/2B Asaf Ali Road 

MADRAS-1. CADCUTTA-1. NEW DELHI. 


Indian Journal of Phyaics 


IV 


March, 1963 




Northrup 



FOR PRECISE 
MEASUREMENTS OF 
TEMPERATURES & 
MILLIVOLTS 


The line of this three-dial 
8680 portable potentiomotor 
ifl rapidly Hpreading in re- 
search laboTatories. It fea- 
tures a central leading 

window where measured 

values appear as a row of digits plus a scale value. for rapid reading of tost losults, 

Wide operating range from —10.1 to +100.1 rav; accuracy with and without reference 
junction compenBation : +(0.06% of reading +6//v) and +(0,05% of reading +3 /^v) 
respectively. 


For further particulars, please write to : 


The Sole Distributors for Laboratory Equipments 


THE SCIENTIFIC INSTRUMENT 
COMPANY, LIMITED. 


ALLAHABAD BOMBAY CALCUTTA MADRAS 
NEW DELHI 

Head Offee : 6, Tej Bahadur Sapru Road, Allahabad 




13 


VIBRATIONAL SPECTRA. APPROXIMATE POTENTIAL 
CONSTANTS AND CALCULATED THERMODYNAMIC 
PROPERTIES OF BENZOPHENONE 

P. (i. PUIIANIK ANJt E. V. KAO 

DI'JPABTMUNT op r?lYaAUS, UmVPlWlTY CoLLlSGlS OP SuiPNOU, 

OaMANiA DNlVillJlSlTY, Hyoeiiajjaj)-?. 

(libtxivcd Amjvsl S, Ji)02) 

ABSTRACT. Ik’H/ojjJjonouo lias boon subjo(!k‘il to iioriiinl coorcliimlc 
ussioniug llio jihimyl gi'oujiH to bo pnint juasacvs. Tlio AN'^jIwou F-(t matrix molliod liftK b('on 
(-■mjfloyod to obi, dm lh(' at'oul.w (*qualioii m oj-dc'r to raloulalu tbo riuidmiioiitul IroqiK'niioy. 
[n oaloulutiug Die tlioniiodyiuimP' pi’opoiiioH, i oulnbutions Irojii tlw ring livqiioiic.ios tti'o hIho 
mcludod. 


I K 'r R 0 D LT 0 T 1 0 N 

Tlio iiilrcircd spoolriiiii of l>onzoplu*noiie is not found in liku uturc in ail itw 
ftspocis, all hough sevciai woi’kor.s mention the earbonyl freijupm-y. Howovei', 
the ildiiuin HpocU'um of Iionzojihenone Jias been leeorded among othei’s by Kohl- 
Tiinseh anti J^Jngl■(^iz (il)34), Lestradc (11)52) ami Jhininik (l!)53). No attempt 
appcavfcj to haY<‘ lioen made to subjetd. tlio niolciade to normal eoovdmato treatment. 

EXPKKIMISNTAI. 

The inffareal s^icedrum wtvk reeorded \^’ith a Perkin -Elmer infrared )Speeti'o- 
pliotometcr Model 21 m ith N.iCl opticH. Tlie speetium ’W.ls reeorded m niijol 
ninll and in Bolutions of CCV The Hpeetrum in solutioiiH of COl^ was more 
oxtensiye but it tlid not exhibit any shdi in the frequencies recorded in the mull. 

The Jvaman spectrum of molten beir/.ojiheuone Mas recorded by using a> 
Hilger Raman Source Unit ami Fuess (Hass Spectrograph having a dispersion of 
19A/mm 111 A435S region, fn order to get the spectrum of molten benzopheiione, 
the melt IS poured in the Raman tube in the Unit and the Hoav of the cooling 
vvTitui Lireulation is sIomtmI down and regulated so as to keep the temperature of 
the cell slightly above 49“C M'hich is the molting })oint of bonzophcnoiic. in this 
yqiy the substance can be retained in molten state for a considerable time. 

Benzophenone of Merck make was recrystallisoil by flissolving it in anhydrous 
absolute ethyl alcohol. 

11 E S U L 1’ S 

Tlic Raman spoctrum of benzophenone melt and its infrared spectrum in 
solutions in CCI 4 are given in Table 1. The Raman speetrum ol the substance as 
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recorded by Lcslrfide is j'iv’^eii for coiiijjarisoii. The pi’esciil results, howev’^er, 
aj^roe mure closely with those reported by Kolib'iiusch and Poiigi atK. The assign- 
ments projifised arc also inrlicated m Table, I. 

I’ABLE 1 

[taniiin ami infrared frequencies in cm~ 

Jiamaii 

Auj.)iors Li'sLrfiflo 

liitmrod 

Aul-liorH 

Assigruni'iiis 

148 (2) 




221 (2) 

223 (5) 



277 (2) 

-- 

-- 

H-K-ll doCormalioii. 

— 

387 (J) 

- 


400 (2) 

410 (1) 

_ 

(1 ((\.m) ring 

5G7 (2) 

550 (1) 

- 

(J-C---0 dclormal/ioii. 

-- 

570 (2) 

— 


G16 (3) 

612 (5) 

— 

K (C 2 ff) ring. 

- 


GOO (s) 

C'-H oui-of-pltint) hcuidiiig. 

721 (2) 

— 

717 (ui) 


7G4 (2) 


— 


810 (1) 

— 

- 


840 (2) 

- 

845 (w) 


- 

— 

017 (M) 

C-H 4)ui-ol -plants honchng. 

- 

043 (1) 

039 (jii) 


— 


071 (w) 

1674-600-076. 

1003 (fi) 

006 (10) 

— 

C'-C (aj^) ring. 

1027 (3) 

1023 (3) 

1028 (jn) 





(■-It iii-plann bonding, 



1136 (ra) 


1151 (4b) 

1155 (5) 

1148 (jn) 

C-K syminrlnc stroK.b. 



1176 (w) 

560 + 612 = 1171, 



1220 (w) 




1249 (w) 

845 + 406 = 1251. 

1281 (1) 

1282 (3) 

1274 (vs) 

K-K anlisymini'tnn Hl-rotsli. 

— 


1307 (s) 


1322 (1) 


1316 (s) 

1600-277 = 1328. 



1380 (w) 

1603-221. 1382. 

1448 (0) 

MSI (1) 

1440 (s) 

1000-148 = 1452. 

— 

— 

1475 (sh) 


1402 (0) 

1491 (1) 

1 403 (ill) 

721 1 764 = 1485. 


1542 (1) 




1578 (1) 

1581 (m) 

ring. 

KiOO (7) 

KiOO (10) 

1603 (s) 

0=(J 

1058 (5) 

J6GI (5) 

1074 (vs) 

0 = 0 sirctcli. 

— 

__ 

1680 (w) 

2X845 = 1690. 

3052 (2L>) 

— 

3053 (w) 

C-H Htrotiuh. 



Vibraticmal Spectra, Apprommate Potential etc. 


123 


N O H ]Vl A J. C O O R D I K’ A 'J' K T K E A 'V M K N 1' 

Tf the' p]i(‘.nyl groups iii Utiuzophemuie mto assumed to be jioint masses the 
molecule can be troiitcd as a four body iwobJem having the syjniiietry ot the point 
groiij) C^v ^vith a distribution B^). All the normal vibrations arc both 

Iranian and infrared active. The Normal coordinate tieatment has been carried 
out by the authors according to the Wilson F-0 matrix method. The following 
symbols are used for the CRuiiibrium values of bond distances and interbond 
angles which are shown in the Fig. 1. 


o 



R. = CljHr, 

t’ig. 1 

In aocordaiK'ii with the above notation an example of the possibh' tyiies of 
the potential i imstants arising out of diflercnt interactions are • 
fd — C-B. stretching constant. 
fa — <ItCJt bending constant. 
fa]) — <]lCrt and C — 0 angle bond interaction constant. 
f'lifi — C-R and <OOR bond-angle interaction constant , the prime indicating 
that the bond and the angle do not have a common bonrl. 

The most general (Ruidratic expression for the potential energy has the 
coefficients given in Table Tl. 

TABLE TI 



ad 

Adi 

Ad. 

Aa 

APi 

A^2 

AD 

fn 

fDd 

fnd 

jDa 

fnp 

fnp 

Adi 


fil 

fdd 

fda 

f'dp 

fdP 

Ad. 



fd 

fdtt 

fdP 

f'dP 

Act 




fo 

faP 

faP 

AHi 





fP 

fPP 

A/S2 






fP 
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Tho .symjiieiry fcjoidiiiates for the 

Type A, 

Ml = M). 

M. l/i/aCAiJj+Aiij). 

l/i/6(2Aa-A//,-A/?J. 

Ty]>u 

Mt = l/V2(Arf. -Arfj). 

R, - l/VaCAA -A/J^) 

The syjiimetry coord inateH are iKjniialised. and orlhogonaJ. From tlie 
poioritial energy imitrix juid the matrix foi’inod from the coelfitiicnls contained 
jn the symmetry coorrlinates the F matrix elements aie formed. TJie F matrices 
are as follows. Foi type 

( fu Pu Pu\ /J„ Vm(foa-fi,n) 

Pn i wmi-- U-fan) 

pj \ -+//!» 


Foi' type Bj 


;>( 

' nn 


Ilf Lia Idp -riip 

J'ft—fpp 


The atrncUival paia.meicrs of hon/oplienono Avere not available l.o tlu^ authors, 
either from X-ray nv elcciron diffraction data. ITowom', the values ol bond 
distaiifuw given by Karl FTauptman et id. (1057) for ji -71 dimethoxy benznphenonc 
and tlie value of inter bond angles given by Gllasston (1 0115) arc found suitable lor 
the moloe.nlc undiM' investigation in calculating the 0 matrix (‘Icmeiits. Thesis 
values are : 

C -K - 1.4r,A, C - O - I.:1A, <UCK - l.ir ami <0 = C~K - 11^30'. 
The elements of G mati'iees Avere evaluated Avith the help of Decius (19+S) Tables. 
The actual values of the elements of G matrices for classes and are giAum 
beloAV. The out of plane vibrations falling under the lilass B^ ha\m not been 
discussed in this paper. 



8-7820x1022 -2-9418x1022 7-6582 >< lO^^N 

2 - 5067 x 1022 - 4 - 4914 x 1030 

1.2791x1030) 


(“:■)-( 


9-0887 X J 022 -9-5886 x 1 O^o 
1-5856x1030 
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Tile ])olentiiiJ oonsiaiifs foi- the ino]eL'iil(\'^ liuving siiuiliiv .stnuitiires ms boii- 
zoplicnoino w<iie trails leri ocl i.o this molocule. Probably in vioiv of the fact tliat 
tlie phenyl ^ivoups are assumed to be point masses tlie bond-angli* and tlie angle- 
angle interaction terms were very critical Aft(‘V a Jew morlifieations the observed 
frecpioncies were iTprodnccd by calculations, the difference in their values being 
well within one [lei- cent, Tlie ])otentia-l const-ants* thus finally arrived at are 
fj, = 13.0, fa - 7.25, /, I 5, fp 1.73, faa -- 2.75, - 'l 5, Un - 1-17, 

fap - 0.026, 1.2, fj,fi -- -2.0, - 0.4 and fup =.- 0.33. 

TJie observerl and the cahadated va.hie.s of the fiequeiicies of the normal 
vibrations considering* the phenyl grou]) lo be a point mass are given in Table III. 


TABLE ITT 


Ty]io 


ohsorved 

Ciiloiilated 

Raman 

1 ttfrnred 


JG6S 

1674 

1664 

Ai 

1151 

1148 

1150 


277 

- 

273 

Ri 

1281 

1274 

1278 


567 


561 


T IT E Jt M O D Y N A M 1 C P It () P E R T I E S 

The hcait content, free energy, entropy and heat capacity at constant pressure 
for beir/ophenone with rigid rotator and harmonic oscillator approximation have 
bom calculated. The contributions from the normal vibrations discussed in 
this papci* and the (iontribiitions from the ring frequencies are included in calculat- 
ing the thormodynamic properties, for the ideal gaseous state at one atmospheric 
pressure for twelve teinporatnies in 100-1 (lOirK I’ange. Since no data were avail- 
able for the vibrational frequeneios in the gaseous state of the molecule, the ob- 
served values as recorded by the authors are used. The theriuodynamic properties 
are given in Table TV. 

♦Rond constants and Oond-hond interaction uonstants arc given in md/A, bond-angle 
interaction torjns in md/rad, angk oonstanis and angle-angle interaction ooustants are given 
in mdA/rad2. 
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TABLE JV 

(iontiMit, lioci unl ropy find hcfit ( jiinnity lov bon/ojflu'.none 


T'^K 

(ir„--E%,)/T„ . 

^(K-Eb,)/T 

K" 


100 

9 01 

60.78 

69 79 

11.30 

200 

11.70 

67 82 

09 58 

18 07 

273 

14 12 

01 .81 

7.5 95 

23.57 

303 

1.5 33 

03 36 

78 OS 

20 06 

400 

19 11 

07 73 

87 61 

33 .51 

.500 

22 90 

71 75 

95 98 

40.30 

000 

20 02 

75 39 

104 01 

40 87 

700 

29 61 

80.23 

111.24 

50 43 

800 

32 33 

84 89 

118 23 

63 . 83 

900 

36 12 

89 44 

126 09 

57 12 

1000 

37 80 

93.85 

131 71 

02 33 


N, B TIk^ jnnnicniH of iiK'riui of tho inoloi ulo in u w.n.A - aro 7,^ - 5, 7^ = 272.1 94 

and Ig —327.130. Tlio tonvjjcialun's aro given in K and the olhoi- qiinutilieH lire in eal. 
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DISCRETE FREQUENCIES IN A LATTICE PERTURBED 
BY ISOTOPE DEFECTS 

J. MAHANTY and HAM Kl, SHORE SHAHMA 

VllVSlCS DlO'AKTMliNT. U N1 VKJISI'J V , ( 'j I ANJlllJ Mill -.‘I 

[Rcvvwvd l^jr /7 21 , ll)G 2 ) 

ABSTRACT. An invoHi iifiitinii is inaili' «if Uk' uJ goiiinuldon of (iiHoirlt' vibia- 

iion froqiuuicK'h ouisido lJu* ullowi'd ii'ocjui’ju'y bnTub cil a l.idico ayIiou li is porl nrlx'd by tlio 
oluuigo (il llid muss ol an atom, A cnli'ijou for monaltoiiic Jallicos in dosci ibod wliifli oiiiibloH 
one tiO jiiodicl. wliollior in tlir ]joH-iirl)i‘d ,si,aU' of Uio laltic’i*. Ilin di.s('J‘(‘U' firqui'iii'y gojU'mLod 
from rtjiy biLiiicb is indc|R‘ndi'iil of Mu* olJior l>i iiiiclio.H. Finally, fhe distToU' Iroiiucnoii’H in 
Uio easo of novi'ihI linom lal-tno modi'ls ovaluab'd 


I N T K O i) U (- T I 0 N 

The problem of f^d^-neration of (liscreto vibrjitional frcquoniueH due to irtoiopc 
fleJoeis ui a laUiee has boon siudiod by LUshitz (H)43a, l()13b, 11)44, 11)56), and by 
Moiitroll and J’otl s (lf)55, 105G). The geiici-al tcehnicpics developed by them have 
been iiiiplied mostly to a lat-tioo model in Avhieh there is no eoujilmg between the 
vai'ions pom[)oiients of the displacements of the atoms. Uecontly, Nardolli 
(1960) has studied the problem in the case of cubic lattices, The object of this 
paper is to discuss a. few lattice models m Avliich there is coupling between the 
dis])lacenients; Imt still it is [lossiblc to evaluate the discrete fretpiencies duo to 
an isotope defect exactly. 

T I \ ir. S R C 11 b A K K Q U A T T O N K ( ) li T I I li 11 1 S (.J li. E r E 
F li li Q LT li N C y 

We will adopt here the notation of Litshitz (l!)4Ihi.) with shglit changes, The 
lattice under consideration has N unit cells in each of Avhich there arc p atoms, 
the mass of the s-tli atmn being 'm„. The coordinate of the unit cell is given by 
the vector ty, Avhose diineiiBion equals the diiiiension of the lattice. Periodic 
boundary conditions a\’iJ 1 be used tlirongliout. 

The eigenfrec|uencies of the unperturbed lattice are the roots ol the ocpiation 

| i ~ Ao ^|=-0 ( 1 ) 

Avhero the dynamical matrix A is determined from the equations ot motion ol the 
a,toius in the lattice. Kach element of A has six indices, three for the row and 
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throe for the column. Tho following equation gives the correspondence between 
this notation and that of Born and Huang (1954); 

-( 2 ) 

The Jiidox j l efcrs tt> tho component of tho djsplacejiient of the atoms. 

In the preHence of an isotojjc^ defect of mass nig at the s-th position in tho 
ry-tli unit cell, the eigonlVc(pioneies are the roots »)f the equation 

1/-|GV)A| ---0 ... (3) 

A A A A ^ 

wlicre t/((i)) -- [A and /\ is the pej-turbation ina,tj-ix. In this case /\ is 

a diagonal niatrix wliose i lements are given liy 

A >J I*' )j ) ~ (4) 

whore f., — 1— '-t.? , 


In a throe dimcTisional lattice, Ibr examiilo, there will he only three nonvanish- 

A 

ing elements in /\, and they will he the diagonal elements charaedensed hy tho 
indices ry, .s*, and the three values ol j 

I’he determinant in equation (13) can he riwluced to tho form 


I ^v,l) 


.,of^t,y.s,i|.s2) 
l-|-6',to¥^(,s,21s,2) 
I o ( a ',3 I fi,2) 


e,ia'^hV.S,l |s,3) 
e«d)V7o(6-,2 I A’, 3) 
1-1-f.j,, 3 1 A, 3) 


-- 0 


(5) 


Tlio evaluation of the elements of (7 matrix which occur in equation (5) can bo 
(lone by the bilinear formula for the matrix elements of a function of an operator. 

The eigeiiveclovs of A span a space of 3'pN dimensions, and eonstitut/O an orthogcjual 
set. (The degenei'atc eigenvectors can be orthogonal! sed iii tho usual way). 
For convenience we will use the symbol | /r, r > for a typical normalised eigenvector 

of A, wlioi’o k can take up N values inside the unit coll of the reciprocal lattice, 
of volume (27r)“/iV, and r can take up 3yi values. 


Each eigenvector of has 3yjiV^ components. We will denote a typical compo- 
nent by the symbol I A:, r; A,y>. These eompoiioiits arc known to be of the 
form (Lifshitz, 1943a) 

1 r; q, a, j> ^ Qr^’W ff 


... ( 6 ) 
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where Q/>^{k) is the (s, j)-th coiupoiient of the r-th eigeiweetoi* of a Her- 

initean lyiatrix aj^ which is related to A by the equation 

(/'*(*■) j I f) = ^ j I s\ f) exp ( ) • • • (7) 

The eigenvalues ol ajj. are the 'Sp braiieh (scpuired) frequemaes to, {k) loi‘ a given 
value ol Ic. The braueh index r can take up 3p values, in each branch there are 
N frequencies coiTespondiiig to the N values of k. 

liy the bilinear formula, the niati ix element of Q is 




'[k, r, f/, a',;}' | k, r; t/, s,j> 


fc,r 


<^Ak)~ 


* V f d‘^kQr^>Jik)Q*r‘''<-f'{k) ex p 

(27r)^ *f tOr®(/c) — CO® 


( 8 ) 


In this, tlie suinniation t)ver k has been replaced by jmi integration. 1^* is the 
volume of the unit (jell of the jecijU'ocaJ lattice*. 

In jiarticular, the elements of 0 that occur in equiition (5)aro giv(m by 




J_ s f 

(27r)® r o)r®(A:) — CO® 


(») 


Actual comi3utation of the discrete frequencies has been done in those lattice 
models in which there is no coupling between the various components of the dis- 
placements of the atoms, since the evaluation of the matrix elements of 0 is easy 
for such models. We will now prove a theorem thiit if a certain ci'itcrion is 
satisfied in a lattice model, an isoto])e defec.t perturbs each froqueney branch 

separately, and evaluation of the matrix elements of G is someA\hat simpler even 
in the presence (jf coupling between the dispiacenicnt compoiionts. 

Only monatomic lattices can satisfy this criterion. We wiW evaluate the dis- 
ci'cte frequencies in certain linear lattice inodets satisfying this criterion, and it 
will be shown that when this criterion is satisfied, the range of interaction between 


♦111 tins equation the voutor L is normalised in such a way that the volume V* equals 
(2Tr)w. 
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iiic atoms IS (j1 no ooiiscqueiiue, as I'ar as tlio solvability of the problem is 
concerned. 


TiriC CJilTEillOM KOlt TlfE UNMJXINO OK THE 
JMi HT UK n AT I ON JN DIKKEKENT H A N (J H K N 

Jjct US consider a monatomic lattice model {p — 1), in which each atom has 

tliT('c (bi^recs of freedom, and in which the elements of ^ satisfy the equation 

I ^ ) ■■■ 

where a(j' j") is a, nuiidxiJ' independent of q. 

The dynaini( id inatnc,es (ioiTespoiidiiig to the various branches arc obtained 
by a similarity ti'anslbrmation 

PaP-^=^b ... ( 11 ) 

whore il is a matrix ol the form 


X 0 0 


B =- 


O Y 6 
0 6 Z 


(la) 


Here X, Y, and Z arc NxN subiuatrices. 

In IhiH model it is easily shown that the elements of P are 

/iifin - ( 13 ) 

and 

X ^xG 

Y = yG _ ... (14) 

Z^zC 

where ;r, y, and z arc pure numbers and C is a NxN cyclic matrix, x, y and z 
are, in fact, the eigenvalues of the 3x3 matrix a whose elements are 0 L{j' \f). 
Using equation (11) it can be shoAvn that the 3x3 matrix fi wdioso elements are 
/y(j'|j") diagonulises ol by tlie similarity transformation 


/« 


a y«-l = 


“"X 0 

o y 




P O 


(16) 
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Tho wollknow-n synmiclrj^ projjcrtios c)l\4 racjiuro iluil a must lie* a, symmulriu 
mairiXj so that ji must be an f)rtliog(m!il matrix aatistying tlie c.ondition, 

^ WIf) Wl/)- - ('«) 

i 


The matrix ^ for isotope defects i;an bo witten in the form 


A"- 


h b 6 
b 8 () 
b b 8 


... (17) 


wJicre 8 is n NxN diagonal submatrix. Using cipiation (10) and the fatd- that 

8 commutes with each of the submatnccs of P (wnich aic diagonal), it is easily 
shoAvn that for this model 


pa^-^-a - n «) 

Therelove, if we perform a similarity transformation ’W'ith respect- to P on 
equation (3), we obtain 

\y+b{x)8\ \I-{-a{i/)8\ |/-l-U(;3)iSV 0 - (li>) 

whore all matrices are now NxN,mi\ 

a{x) [«U-/o)2]-i 
«(») = 

e(*) ... (20) 

From equation (19) it is apparent that in a monatomic lattice satisfying the 
criterion of equation (10), the effect of isotope defects on each frequency branch 
is independent of the other branches. 

With a single isotope defect, equation (19) reduces to the three equations 


( - J"L .==0 

... (21a) 

, , ctd® f __ Q 

... (21b) 

j , eto** f d^tc 

... (21o) 
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An. exmnpk 

As a simple example of a physical lattice model satisfying the critonon of 
equation (LO), we consider the case of a. linear chain wdth nearest neighbour inter- 
actions and tliree degrees of freedom per atom Ff exp v,^ exp (uo^), and 

exp {iiiit) denote the two iransverse and one longitudinal comiionents respec- 
tivel}'^ of the ?i-th atom from equilibrium, the equations of motion can bo A\'Titteii * 
in the form 

moihv,, -= yn{'2u,—u„_^-v„_^_j) 

... ( 22 ) 

Here y., is tlie coupling bid winm 'n and v components, and is the coupling between 
n and w or bol.ween v and w components respectively. 

The matrix a in this case is of the form 

Ti Ta 73 I 

m m m | 

a = 72 Tt 7_3 (23) 

m m m 

73 73 7i 

m m m 

and the NxN matrix C is of the form 


1 

2 

_j 

0 

0 ... 

... 0 

-1 



-1 

2 

-1 

0 ... 

... 0 

0 


c- 

0 

-1 

2 

-1 ... 

... 0 

0 

... (25) 


-i 

0 

0 

0 

-1 

2 



The three eigenvalues of a, ndiich wo denote as before by x, y, and z, are easily 
obtained and are given by the equations 

* = i (ri-r,) 
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« V(rrl-rs -r4)“+sya“] 

* 2»» ■■■ 

The eigenlVequeiiC’ieH in the vurinns blanches as functions of /.^(wliMh is a. one 
(liinensjonal vector in tliis case) is obtained iiy takinj^ the Fouiicr transform oF 

B in accordance with the formula of equation (7); 


o'i\{k) — 2a;( I - cos k) 
oi^jj{k) 2y(J — cos k) 

ur,{k) ^2z{\ -vi^f^k) ... (2(5) 

Wc will discMiss the eijuation for the discrete frequency p:enoratorl from one 
of the branches only. Gt|mition (21a.) can be writiicii in the following form by 
substituting for the denominator of the integrand li'om equation (2b); 


SSn- j, 

f _dk 

271 J 2:k( 1 — cos ifc) -to“ 


^ 0 


... (27) 


For discrete frequemaes we are interested in the region where 

— 4.r, the maximum frequency tif that brancli. In this region equation (27) 
reduces to the form 


1~ . ^4? -— (28) 

A solution of this equation for ei > 0 ^ 2 , exist only for positive e, i.e., for a 
lighter isotope defect, and this solution is 


“*0 = 




(29) 


The trentmont of the other two secular equations proceeds along identical lines. 

Thus, in this example, a single lighter isotope defect generates three discrete 
frequencies, one from each of the acoustic branches. However, for small c the 
physical observable discrete frequency is the one, which is above the maximum 
frequeiuy of the stiffost branch, since the other two discroUi freipioncios will lie 
submerged among the quasi contniuum of frequencies of the stiffest branch. 


A L [ W E A Tl, LATTICE W I T I F L O N (f It A N (1 E 
1 N T E R A irn O N S 

In a linear lattice with long range interactions, the equations of motion 
can be wi'itton in the form (with infinite numbei- of atoms) 

mcO^W'n = S [Vp^*'j''^{2Un—'Un„p — W'n+j»)--f-Fj,^’V’’(2'y„"— 

p 

-\~Tp^^.'^\2Wn-Wn-p~-Wn^p)\V ( 30 ) 
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u"ith two HiniiliU' ec(U{(tionH foi* the other two comj)oneiitH, Fforo js tho 

coupling c'oriKtaiit Ix'twcoii tiu; </-(li,splaceTiuiiit of I'Ui atom and th(* ?;-(lisj)laccnicnt 
of ilK ^j-th nojghhoTiJ', 

A ])l)yHifiallv reasonable assumption to make on the properties of the eoiipling 
of)nstants is lhat they all depend on the distanee of separation of the interacting 
atoms in aiuordanee witii tlie same law. In that case, one can write 

... (31) 

where the function f{p) suitably describes the dependence of the coupling cons- 
tants on the distance of separation of the atoms. 

This model satisfies the criterion of equation (10). The matrix x will have 
the same form as in ('quation (23), if we use the follosing equivalences , 


yio^n yVt,»)^ yO’,'U =- 

y(y,w) „ y(u>^u) _ y(%«') — y(M’,») = y^; yt^,**) ~ y^. 

The matrix (J is no-w of the form 


0--= 


P 

-m 

-m 

-/(i) 

2S/(?.) 

P 

-/(C 

-m 

-/(I) 

p 

--/(:>) 

-m 


s of tlie various bra-nclics are 

r w • 

,^(k) =- 2x 

S fip)- 

1 p^i 

S /(p) 
3>-l 


... (32) 


>/c j ... (33) 

^dth two similar equations for the other two branches. The maximum frequency 

of the branch is evidently 4^; [ S /(2^H-])] . As before, we will evaluate 

L J 

the discrete frequonc.y generated from one of the branches only. The secular 
equation is 



M 

2x [s cos pJ} j - w® 


= 0 


... (34) 
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The integral in eqiiiitioii (34) can bo done exaidly for several assiiuicd forms 
We give belov' tlie results for the discrete frequency arising outside the 
band in a few cases. 

0) JiP) ^ exp(-^j(r). 

The integral in ecjuation (.’14) can be done exactly for and in terms of a, 

variable 0 — cosh- ^( 0 / 01 ^ 2 , j tbe discrete frequency is the l oot of the equation 

doth ^ ^ 4 -^ j — ^ 0 ... (35) 

Jt IS easy to sliow graphically and otherwise that for valiuis of <, in the range 
0 < r <; 1 a solution of this transcendental equation must exist, and hence a 
discrete frc(|uency must arise. For very small values of ( , the discrete freqneniiy is 

o>«o = “«L ( ) ■■■ 

(ii) f{p) ^ r =r Integer. 

The series oe.curriiig in the denominator of the integrand in equation (34) can be 
summed exactly in accordance with the formulae (Jeffreys and Jeffreys, 1956), 

S (p)-2'’ oosyi: = - (47?“)'' l-^ar j 

and S (2j)-2'- = a*>-) 

p 1 

where l\p and respectively the Bernoulli polynomial and the Bernoulli 

number of order 2r respectively, and ^(2r) is the Riemann Zeta function. ^(2r) 
is related to h^j. through the cijuation 

«2')= tz C"'(4rrY6,r 


The hist few Bernoulli polynoniialH are 
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The firwi f'lMv BorjiDiiJli iiuiiihors are 

I . j _ 1 

■ 12 ’ 720 ’ 3(»240 ’ 1200(50(7' 


The equation loi tlie diseiete Ircqueiiey for /• = 1 is ( witJi 

' Wa-'L 




I 


(27) 


A solution ol this equation will always exist lor 0 <c < 1, and lor c << 1, the 
discrete frequency is 


«^a:0 ) ■ ■ • 

i^or r = 2, the ei[uation for (Jie discrete frequency is 

V 1 V I 'V4 I >/ ..11 

lOL^ , -= — - -h , 8111 “^ - = 

4^1+7/ v/l-hv -l 2^/y // C 

In this case also, a solution will always exist for 0 < t < 1, and for c<<l 
the discrel/C fiequoncy is given hy 

t'JjjO ^ ^XL ( IG ) 

C O N (' 1 . U SION 

If the condition described in equation (10) does not hold for any given lattice 
model, the pert urlmtioii due to the isotojie defect mixes up the vn-rioiis frequency 
brancdies, so that it may not be possible to find a one to one correspondence between, 
the disiirotc frequencies and the unperturbed frequency branches. The models 
discussed here arc one dimensional, but there is no essential complication in the 
case of two and three dimensional crystals as long as they satisfy the criterion 
of equation (10). For three dimensional crystals the evaluation of the integrals 
in equation (21) (;an lie done numerically if one knows the freijuenc.y distribution 
function of the unperturbed lattice. Whether any actual crystals can be ade- 
quately represented by a model satisfying the criterion of equation (10) must 
remain an open question. 
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We have seen that the difference between the diacroto frequency and the 
lunxiraimi frequency of any branch depends on c^. This property is related to 
the exist<mce of the square root singultirity in the fi'otpiency distribution function 
of a linear lattice. A simple proof of the fact that for small c one can expect the 
discrete frequency to depend on 6- irrespective of the details ol’ the law of inter- 
action between the atoms in a linear lattice is given in the Appendix. 


APPENDIX 

When e is very small, a solution of equation (34) would exist only if oi is slightly 
greater than Lot 


2 r/(p)- -/(2J)cospfc] -- F{k). 

p-i 

F{lc) ha.B a maximum k = n, and evidently 

= '^xF{7t). 

In the neighbourhood of this maximum wo can expand F{k) in a power scries in 
k' •— k—n. Remembering that most of the contribution to the integral comes 
from the neighbourhood of k' 'S' 0, we can write the integral in equation (34) in 
the form 


dk' 




rr 1 ^ 

xF''{n) 


We thus get the following approximate secular equation for the discrete frequency 
for small e; 

--} - -0. 

^'\/xF"{n) ^ 0 ) 2 — 

The solution of this equation is 




I 
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HYDROGEN BONDING IN ANILINE AND SOME 
SUBSTITUTED ANILINES IN DIFFERENT 
ENVIRONMENTS 

K, C. MBDHl AND U. S. KASTHA 

Optics JJKiMimrifljiiT, Association for tiik (’ultivation of IScifncio, Callutt\-H2 

{ReceimH Jaumry Ifi, 190:i) 

ABSTRACT. A coim>avativo sludy on llio Hhii'tsin the froqumcius of infrnrocl ubsorp- 
tion luinds duo to tlio Hynuuolrio and asyciinoii'u- N H sii'otohiU); vibrations ot anilino and 
somo motlioxy-and ethoxy anilinof- in Ihc' liquid .sink* and in Molutions in some polni solvonts 
relative lo 1lione ol the roHjirotivo eoiiipoundH in dilute CCli nolution Jias been iiinde Tlie 
shifts obsei'vi'd witJi all the eonipouuds m diheront envirpiinu*nt.s have hiH'ii attiihuted lo the 
formation ol nileimoloeular hydrogen bonds and it has boon pointed out that the st length ot 
the hydrogen bond dopeiids on the electronic nntuiv of the feubsiituenth and is atfeeted by 
riteiie interact ions between the moleeulos of tin' same type in Iho i>uro liquids and in ilie raso 
of HolutiouH oi Ihe ortho-compounds between Ihe sol veal luid the solute molecules, 

r N 'r 1< 0 D U 0 T 1 0 M 

Though infei'ence aliout tht^ formation of intoniioleculiiT hydrogen bonds, 
in solutions of aniline in polar solvents, bot\ve©n|thc solute molecules of anilino 
and molecnles of the polar solvents, e.g., chlorofoi'in, tetrahydrofuran and dioxane 
was made by some wtirkers (Krueger and Thom p, son, 1057; Wlictsel, 1062), 
it was Bellamy, Hallitm and Williams (1958) who pointed out that so)vent-.sf)lut.e 
dipolar iiiteraotions are mainly responsible lor the foiTiiation ol such hydrogen 
bridges. Later, Cutmore and Hallam (1962) extended these investigations to 
some substituted aniline compounds and showed that the relative shifts may bo 
related to the values of the amines provided that due con.siderations ol othoi 
solvation interactions, such as structural effects arc taken into account. But it 
seems that very httle work on the influence of structure of tlie molecules ol both 
the solute and solvent on the strength of intermolccular hydrogen bridges has been 
carried out. Recently, Modhi, el al (1962) showed that hydrogen bonding in 
toluidiiies in the pure compounds and in solutions in polar solvents depends on 
the relative positions of the substituents and the Hammett cr-factor of the OH 3 
group in the ring of the aniline molecule. In oi’der to understand how the forma- 
tion of hydrogen bonds in substituted anihnes in different environments depends 
on the electronic nature and positions of the substituent groups and also on tlie 
characteristics of the polar solvents, the infrared spectra of some methoxy and 
ethoxy anilines in the pure state and in solutions in some polar solvents have been 
■ 139 
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investigated and the lesults have been compared with tJic),se obtained with ani- 
line undoT' similar conditions. 


EXP E n 1 M E N T A L 

Pure samples of aniline, o-, m- and ^-aiiisidiiie and o-and m-phenetidmo 
supplied by i‘eputed firms of U.S.A. and England wore fractionated and the 
appropriate fractions w'erc further distilled undiM’ reduced pressure. The solvents 
were also caicdully purified and dried. A Pcrkm-Eliuer Model 21 spcctioplioio- 
metcr provjdcrl ^vith jock salt optics w''aK used to i-ocord all the spectra due to the 
pui'e <!Oinpounfls and their solutions with aiTangements dcsciibed in a previous 
paper (Banerjoo and Kastha, 1962). The absorption bands due to N-H. stretching 
vibrations of aniline in very dilute solution were recorded from time to tune 
to check tlio reliability of the reiiorded spectra. 

K E S U L T S AN D D I S 0 U S S I O N 

The Hymmctric (vj and asymmetric N-11 stretching vibrational freipieii- 
cies in cm~^ ftir the compounds are given in Table T ']''ahlo IT contains the values 
of the shifts m cm of the fr’<iqueneieH of symmetric and asymmetric vibrations 
(denoted respectively by and Av«) and their mean values for all the compounds 
in different onviroiimoiits relative to the frequoncies of the" respective compounds 
in 1 % carbon tetrachloride solution. The values of Hammett (r-factors for some 
of these compounds given by Krueger and Thompson (1967) arc included in both 
the Tables. 

(a) Aniline 

The two bands at 34-02 and 3470 cm of aniline in 1% (X^l^ solution shift 
respectively to 3398 and 3460 cm~^ in 1% solution of the compound m chloroform 
and with the increase in concentration of the chloroform solution the centres of 
these two bands further shift to lower frequencies. Doublet striurtfure of the two 
bands in chloroform solution as repoi-ted by some workers (Kruegoi- and 
Thompson, 1957; Moritz, 1962, Whetsel, 1962) has not been detected, but the 
band at 3460 cni"^ in 1% solution of aniline m chloroform is rather Iwoad and 
the strength of absorption in the region between the two bands is found to 
increase markedly with increase in the concentration of aniline in the chloroform 
solution. In contrast to the proton-donor solvent chloroform, the proton- acceptor 
solvents acetone, ether, tetrahydrofuran and pyridine shift the N-H stretching 
vibrational frequencies to lower frequencies by larger amounts. The shift is 
largest in tlie case of pyridine solution and of the three other polar solvents, 
eacli containing an oxygen atom with lone electron pairs, tetrahydrofuran pro- 
duces largei' shifts than cither acetone oi' ether both of which shift the N-H 
stretching frequencies by almost the same amount. The shifts in those frequencies 
of aniline in the liquid state arc intermediate between those in tetrahydrofuran 
and in pyridine solutions, 
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but ako tWida 

polar solvents. The band Mnp i bands are affected by the 

iindiscernible and in solutions of hi A Piesem-o in 1% solution is ahnost 

I. ... - • '-*■ 

strength of the band due to svmtnni the ratio of the 

i« greater than that ni CCl solution T n eounterpart 

ionu this rata, ren.ai„a 7" 

The ehanges obso,.ed in a M 7 

Ironi the forjnation of intermolecurr h evidently arise 

atoms of thoNH, Bioun of ,mT y‘ '“gen bridges between the hycb'ogen 

oxygon atom of aretone, ether mertet" TT T"' ***“ “f P.vridine or the 

pure liquid involves the hv.l ' ' “I'J’^li'oftiran, The hydrogen bond in the 

-d the hf..,tom TnS 1 n: : • “*■ 

rerveil m the case of the nure I The large shifts ob- 

uiatjon of fairly strong N— H. . .7'homll Pyblme indicate the for- 



oi auiIinB in oni"! — ► 

f-'g. ) . Plot of m,,a„ solvent shifts (is, i„ o.,,-. al-phonotidmo 

‘ '^■“'’‘‘''"’'■('^‘’■““‘“dineando-phenotidino.agninstthosoofL.liur ’ 

(b) Substituted anilines 

The N-H stretching vibrational frequencies of the ortho- and meto 
of anisidine and phenetidine in fo/, CCl, »l„tio„ are higher than thoTof 
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ill the Hiinie Holuti()i) while in the ease of para-aniHidine these trequencies are lower 
than those of aniline. The observert variations in the frequency of N-H vib^’a- 
tions of these riompouialH in solutions of CCl^ and other solvents with the Hammett 
cr-faetoi' of the siilistituent inethoxy and ethoxy groups are similar to those 
reported by Kruegei* and Thompson (1957) The nature of the solvent shifts 
(Avg anti Av«) for all the substituted anilines m different solvents in general is the 
same as that obsei ved with aniline under similar condition and this is clearly 
seen from the giaphs in Fig. 1 ., whore the mean values of the shifts Avg and Av^ 
for each of the (■(unpoiintlH have been plotted against the corresponding quantities 
for aniline. It is seen from the graphs that foi* all the eonipounds the mean 
solvent slults atX! linearly related to those of aniline. The slope ol the straight 
line is slightly greater than unity for the nieta-conipouiids and foi the ortho- 
compounds and para-anisidine the slopes ai‘e much less than unity. The unit 
slope of the straight line for meta-arusidine and meta-pheneiidme indicates that 
the causes producing the solvent shifts in aniline and in the mela-couipounds arc 
almost similar, but the value less than unity of the slope for oitlio-anisidine, 
ortho-i»hcnetidiiie and para-anisidine points to the fact that the (iauses producing 
the solvent shifts aic not operative in these compounds as effectively as in aniline. 
The proximity of the OMc and the OEt groups to the NH.^ gi'fuqi ii"^ ortlio- 
compoLinds and the negative value of Hammett (T-factor for p-auisidine ipay 

TABLE 1 


N -H stretching frequencies in cni"^ 


Ooiiipoiind 

and 

If 1 u u >ta cf 

j’uic 



Solution 

111 



Typo 

of 

vifau- 

tion 

la quid Solid 


KdCla 

((’IfahCO (CuHrJ.O 


Anp;n„ 

MHOO 

3402 

3398 

3380 

3370 

3304 

3340 


rj 0 0 

:1420 

3470 

3460 

3450 

3448 

3438 

3430 

rfl 

amHidiiic 

3372 

3404 

3400 

3381 

3380 

3308 

3340 

»'« 

cr - 1 O.J 15 

3437 

3480 

3400 

3452 

3450 

3440 

3430 

Va 

Motn- 

PhenoiidiiiB 

3367 

3403 

3391 

3380 

3373 

3362 

3341 


a -= H- 0.1 00 

3434 

3478 

3401 

3451 

3450 

3442 

3132 

Va 

l‘ara- 

\maidino 

3353 3307 

3395 

3380 

3375 

3366 

3362 

3342 


a ^ -0.208 

3420 3380 

3460 

3443 

3440 

3440 

3439 

3425 

Va 

tlrlho- 

Aiiisidiia' 

3380 

3405 

3393 

3384 

3380 

3370 

3328 

Va 


3452 

3480 

3460 

3455 

3470 

3460 

3440 

Va 

Ortho- 

Plienetidiue 

3370 

3403 

3390 

3370 

3377 

3363 

3323 

f'a 


3454 

3483 

3458 

3459 

3469 

3457 

3440 

va 
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TABLE II 

(Solvent shifts in cin~^ 

Mom values arc given in braekols 


(!o?Uj)uund and Kuiiinudt cr 


Solution in 

Am linn 

ia-AniHidino 

//1-VhoiV't.i- 

/>-AniHi(lino 

0 - Anisiduu' 

o-riion(>ti- 




dim 


dino 


<j -- 0.0 

<T - L 0 1 1 .5 

w - 1 0 1.50 

tr - -0 268 




Al'^ AKrt 

Ai'., At'ff 

^Pg Ai'rt 

A Pa 

AVg AJ'.v 

Avg AVa 

OHrin 

4 J6 

4 20 

12 17 

J5 17 

12 20 

13 25 


(10) 

(12) 

(14 .5) 

. (16) 

(16) 

(10) 

(OTTu),CO 

22 20 

23 28 

23 27 

20 20 

21 25 

27 24 


(24) 

(25 o) 

(25) 

(20) 

(23) 

(25.5) 

(GaF,)20 

26 28 

24 30 

.30 28 

20 20 

25 1 0 

26 14 


(27) 

(27) 

(20) 

(24 .5) 

(17 5) 

(20) 

(CHahO 

;ia 38 

36 40 

41 36 

33 21 

35 20 

40 26 


(38) 

(38) 

(38 5) 

(27) 

(27.5) 

(33) 


62 46 

61 44 

62 46 

53 35 

77 40 

80 43 


(54) 

(fl4) 

(54) 

(44) 

(58.. 5) 

(61.5) 

hi quid 

42 56 

32 43 

36 44 

■J2 40 


33 2!) 


(4f)) 

(37.5) 

(40) 

(41) 

(26 5) 

(31) 

be responsible for such shielding effect. 'Like the solvent .shift, Iho 

changes in 


the width and intensity of the hands of the compounds in different environments 
also follow the same pattern as in the case of aniline. 

A careful examination of Table II reveals that the solvent shifts for meta- 
anisidine and lueta-phonetidine are slightly greater than tlie coiTcsponding sliifts 
for para-anisidino. The slightly positive value of the Hammett cr factor of meta- 
anisidine and lueta-phenetidine makes the H-atoms in the NHg group slightly 
more positive and consequently the intermolecular N-H...N and N-H...0 
bridges are stronger in these cases than in the (3aH0 of para-anisidino where the 
Hammett (T-factor is negative. The proximity of the raethoxy and the ethoxy 
group to the group in the ortho-compounds and consequent steric interaction 
complicate the simple interpretation. However, the largest solvent shift observed 
with these compounds in pyridine solution definitely indicates stronger' N — H...N 
bonds and hence larger positive charge on the H-atoms of the NHg group of the 
compounds as compared to aniline, meta-anisidine and meta-phonctidine. Not 
only the influence of the steric effect of the solute molecules but also that of 
solvent molecules on the strength of the intermolecular N — H...0 hydrogen 
bonds is to be considered, A comparison of the mean solvent shifts for the ortho- 
compounds in solutions of acetone, ether and tetrahydrofuran shows that the shifts 
in acetone and tetrahydrofuran are larger than the mean shift in ether solution. 
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This seems to inditjatc tluii the interaction of the steric hindrances oi' the OMe 
group or the OEt grouj) in the ortho-compounds with the CaHg group of other 
molecule makes the bonds weaker in comparison to that in the solution 

in acetone or totruhydrofuran. 
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OBSERVATION OF ‘HAMMER’ STARS CAUSED BY 
Li"— DECAY 


G. C. DEKA AND K. M, PATHAK 

]’)EPAnTM:BNT OF PF^VSIOR, CoTTON foLLISOE, OaUHAT] 

{Fpccivcd Sppteynber 1, ltt62) 

Plate TV 

ABSTRACT. Tii a nyslonialic' aroa , scanning ofj orinilsion pulliclogi irradiated, with the 
Boparatod beam of 4(1 Gov/c negative jnonB, 290 double Btars — so-called Jhainmer’ Hfcurs — 
liavo boon observed and earofiUly measured It is seen that 35 of those ovent-s have got somo 
features which distinguish thorn from the ordinary ‘hainmor’ tracks usually caused by liis- 
decay. From their kinematieal analyses, these 3.5 events can be interpreted as duo to the 
radio-active decays of the Lio-micloi. Also the energy levels of Hpi>- can be culeiiUited from 
thoir analyses. 

INTBOBUCTTON 

‘Hammor’ tracks caused by the radio-active decay of Li® have been of interest 
since its first discovery by Powell and Ocohialini in 1947. Even at present quite 
a number of workers in different laboratories have b(ien doing experiments to study 
in details the emission of ‘hammer' tracks in the high energy interactions initiateci 
by protons and pions. Very recently the Warsaw group has made an attempt 
to investigate thoroughly the emission frequency of 'hammer' tracks caused not 
only by decays of Li®-, but also by the similar decays of Li* and B® nuclei at 
different incident energy m the Gev region. They have discussed in their paper 
all about the possibility of emission and the kinematics and their work is still 
continued. Our group has also been engaged in such problems for the last two 
years. Wo have recently repc^rtod a conspicuous event which sooms to be a 
possible [example of Li*- ‘hammer' track, in this paper we are reporting a few 
more ‘hfammor’ tracks which are kinematically possible to be due to Li" decays. 
Possible rcMctions ; 

TJie characteristic ‘hammer’ tracks are assuinod to bo the results of the fol- 


lowing reactions ; 

I. 

Li®“ 

t 

, ^2oc 





IL 

B®- 



— — >2a, 

in. 

Li*- 

A" 

►♦Be"— 

►Hoi-ha. 

1 


, 146 


4 
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/?- 

IV. Li» 

-42a 

Li“ and B**-d('(iayH aro kmemaiically indistinguishable. But as the Li® -decay in 
the final stage is a tliree-body-decay, in principle, alpha tracks should be non- 
coJ linear; and if the range and the angle mesisureinents for alpha tracks are pos- 
sible, then the Be" or He'* energy levels for the assumed scheme can be calculated 
from the following formulae ; 

Energy levels in Mev 

1. Be" : Ej 5(Ei (-E 2 )- 8 yE>.., cos v5^-|-1.57. 

IT. Bo" : Eb - 0 . 6 (Ei-f K^)-\ cos i//- .094. 

III. He" . Eb =- 3.2 Ei+SEg- S^Ej Eg cos f-.m. 

whore E^ and Eg are energies of alphas (in Mev) in the L-system and i// is the 
angle bct\icon the direction of one alpha-track and the extension of the other. 

0 

E X 1' E HI M E N T A L PROCEDURE 

A staiik of Ilford Gj emulsions was exposed at the Berkeley Bovatron to a 
negative pion beam of 4.6 Gev/c. The beam flux was s lO^/cm®. The plates wore 
area scanned undei* low magnification (22r)X). About 30,000 stars with ^ 6 
have been seen and 290 ‘hammer’ tracks are recorded. Of these ‘hammer’ tracks, 
35 are found to have the alpha tracks that arc non-collinoar in direction and in- 
equal in ranges. Measurements are made under higher magnification and by 
two observers independently so as to minimise the bias. 

IdcTUification of Li^ 'hammer' tracks : 

The Li"- ‘hammer’ track was first detected by Gardner (1951) and later was 
confirmed by Holt (1952) who obtained a life time of 0.17 sec-for its beta-decay. 
It should be very hard to distinguish ‘hammer’ tracks produced by Li", B", and 
Li" in emulsions. However, whereas the angle between the alpha-particles from 
the Li" and B" decays would not exceed 6 °, the presence of the neutron in the 
Li"-decay (reaction III and IV) would allow much greater disparity between the 
momenta taken by the two alpha particles and thus give greater angles between 
their directions of motion and also greater differences in their ranges. Such 
differences were calculated by Christy et al. (1947). And on the basis of such cal- 
culations Fry (1963) and Munir (1956) reported two ‘hammer’ tracks which were 
interpreted as being due to decays of Li". Pry found in his event the angle of non- 
collinearity of 40*’ between the alpha-particles; and the calculated total energy 
release to conserve momentum indicated that the Be® was probably created in the 
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6.8 Mev excited state although the measurements errors were large in computing 
this excitation energy. 

Our sample of 35 events wliich'are assumed to be all due to Li® decay may 
be an admixture of several things, e.g. a scattering, a small collision star, a eaptui'e 
star, or a decay of hyperfraginent etc., which iuay produce a non-oollinoar star of 
two short tracks with the ai)poarance of a ‘hammoi'* track. To minimise these 
biases we examined carefully every star for the presence of the electi’on track, 
any light 7r-track associated with the star and the pair of alpha- tracks; also we 
examined closely the parent track for its possible charge, any coulomb scattering 
at the end and any tapering which usually indicate the stopping of the particle. 
And thus it is easy to eliminate the first three biases when the parent ti'ack is long 
enough. The possibility of a hyperfragmont decay is very low because it is 
unlikely that a 7r“-tra(jk from hyperfragmont decay will be missed from obser- 
vations. Finally, on the basis of the kinematical analysis of the alpha pair wo 
accept those 35 events as due to Li®-decays. 

n E S IT L T S 

The following histograms represent the experimental results. 



A R in Min— > 

Fig. 1. Histrogram showing the AR-distribution of the alpha-pairs, excluding 
tlioao with AR = 0, = 0. 

Fig. 1, shows the A22 distribution of alpha-paii’S. It includes alpha-pairs 
haying any dip angle with respect to the emulsion plane. It has been found that 
there are as many as 9 non-collinoar pairs having the range difference greater than 
2 | 5 /£> 

Fig. 2. shows the distribution of the angles {i/r) of non-collinear alpha-pairs. 
We have found 16 events having f > 16” which indicates frequent occurrence 
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of larger angle f ^ 1D°, hence a relatively high yield of Li^-'^hammer’ traeka. 
But it cannot be overlooked that the large uncertainty in depth measurements 



^ in dogroea— > 

Fig. 2. Hiafci'ograiii allowing the ^-distribution of the alpha-paira, excluding 
pairs with A R = 0, and — 0. 

may easily be responsible for such large values of \^r. It has, however, been esti- 
mated that the uncertainty for the angle due to undetected multiple Coulomb 
scattering and for the angle measurement between two short tracks ( < 5^) is 
nearly 8°; this is to be added to the real spread of 6° of usual Li'* 'hammer’ tracks. 

Fig. 3. shows the AiZ vs ^ distribution. As the AF and ijr distributions 
(Fig, 1 and 2) are likely to be biased because of the large experimental errors, 
we have tried to detect any grouping of the events by plotting the values of 
AF and f for the alpha-pairs of all the coUinear and non-collinear events. This 
distribution indicates that alpha pairs with larger ^ have rather larger Aiill, and 
hence a sort of grouping too. 

Fig. 4, shows the distribution of E, for Be® nucleus, The histogram has a 
peak at 6.7 Mev. with no other distinguishing peaks. The known energy levels 
of Be® nucleus have also been shown in the graph for comparison. It appears 
as if most of these possible Be* nuclei are decaying from the known level 
at 6,7 Mev, 

Fig. 5. shows microphotographs of a few conspicuous non-colUnear events 
which could be interpi'cted as Li*-‘hammer’traoks. 
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^ m dogroos _> 

Fig, 3, A H vs ^ diatribuiion for alpha-pairs. 



By in M©v — ► 

Fig. 4, Histrogram eUowifig tho calculated energy distribution of Be” ; tho values 
of the known energy levels iu Be» oro also shown in the figures for uomparison. 
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ON THE TEMPERATURE-EFFECT OF THE DAILY 
VARIATION OF COSMIC RAY MESON INTENSITY 

R. P. KANE 

j’livsirAL Kkhkarch IjAbohatoky, AuMEnAiiAn, r>rDrA 
{liecnt^ed June 11 , 19 () 2 ) 

ABSTRACT. The* of tho daily vanaiioji of almo,s|jl»or'io (j(iiuj)L'ratui’o on thfi 

daily variation of ro,sinir- lay itioNon intcaisily moordod at ground lovol in diNoUNRod. lURtimatofl 
of poH.mljli' magnitude, s of toinpoiuturo olToct aro cntioully exaininod and sliowni to bo rabhoi' 
uaHutisfaotory I', sing for tlio touiporaturo cooffioiout an ad hoc vaUio of 0.03%/''(! of gromid 
toiiipLU'aturo, past j'osulta regarding long-toim oIiungoH of iho aniplitiidoN and Iiouih of niaxiiTui 
of the first and Roiiond harinonir of daily variation of cosmic ra,y iikihou intonsity are ro- 
oxaunnod. ft is shown, that the toniporatiire coiroction causes appreciablo eluinges. How- 
over, in view of t,hp divergent estimates of tho toniperatnro efforts obiamod so fni*, it is oni- 
pha.siHed that ii rigorous .ittonipj at areuriito oxpori mental do term mat. ion of daily variation 
of upper atniOHplioiie tornpoiaturoa i« urgently neodod 

1 N T R 0 D IT f) T r O N 

Tho al-inospherio effects of cosmic ray intensity may be classifiofl as 

(a) Barometric pressure effoeb. 

(li) Jilffcct of liquid water content ol ovor-hanging clouds, 

(c) Effect of passage of cold and warm air fronts. 

(d) Effect of snow deposition above the instrument. 

(e) Effects due to temperature distribution in the atniosphero. 

Amongst these, the pure absorption effects (a) and (d) are well understood. 
Eor neutron intensity, the barometric pre,ssuto coefficient is about 0.90%/mm.Hg. 
(It is not (juite known whether it is the same for high and loiv altitudes). For 
mesons, it is 0.22%/mm.Hg for high latitude soa-leveJ stations. As shown by 
Wada (I960), it reduces to 0.19%/mm.Hg for equatorial, soa-level mesons. Also, 
both the.so coefficients increase rapidly with altitude, e.g., the value for mesons 
at Huanciayo (alt. 3.4km) at equator is about 0.33%/mm.Hg. If tho barometric 
pressure reoiirds at ground level are available, the barometric pressure effect can 
be' adequately corrected for. Absorption due to deposition of snow above the 
instrument can also be corrected for if the snow thickness can be measured. 
Usually, workers prefer to eliminate this effect by continuously melting the snow 
by artificially heating the roof. 

Tho effect of liquid water content of over-hanging clouds is a very uncertain 
factor (Arakawa, 1059). Since it does not affect the barometric pressure recorded 
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at ground, it is not taken care of by barometric correction. The effect is negbgible 
for mesons but can be quite largo ~(l-2%) for neutrons. There is no simple way 
of correcting for it. 

Effect of the passage of warm and cold air fronts seems to be more prominent 
for mesons than for neutrons. In principle, it can be cf)rrected for if the tempera- 
ture distribution of the atmosphere is known. However, in the dynamic, rapidly 
changing conditions of tlie atmosphere during storms, it is difficult to determine 
the temperature distribution. Hence, a correction becomes difficult. 

The temperature distribution in the atmosphere directly affects the heights 
of the meson formation layers. Duo to the limited life-times of mesons, their 
decay probabilities and hence their inionsitios at ground level are affected, For 
neutron intensity, the temperature distribution plays negligible role . For mesons, 
the variations at ground are adequately represented by the equation (Dorman, 
1957) 

irmm-dh (1) 

where dN^jNf^ is the fractional change of /i meson intensity at the atmosphepic 
depth Ay, ft is the barometric coefficient, is the actual change m barometric 
pressure at depth W{h) is the temperature-coefficient density and the 

actual toniporaburc change at an atmospheric depth, h. As already mentioned, 
ft is precisely known, The values of WQi) for various atmospheric depths ai’e 
also precise!}^ known from theoretical calculations by Dorman. Thorofoi-e, to 
evaluate (1), one needs roiiords of ground level pressure t^hanges as also of 
the atmospheric tomperaturo distribution ST{h). In practice, the integral may bo 
broken up into summation over a series ot isobaric levels (say, 100 mb apart) 
for each of which the average temperature change 37^ may be available from 
Radiosonde data. 

Now, Radio-sonde data arc usually available for any station from only one 
or two flights a day. For correcting the daily mean intenaity^of fi, mesons, 
one can use the averages of these flights for every isobaric level. However, if the 
correction dN^jNn needed for daily variation of cosmic rays, one either needs 
values of 3T{h) also at small time interval^, or, one has to know precise relations' 
(theoretical or empirical) between variations of ground level temperature and 
simultaneous variations of temperatures at various atmosphere depths. Un- 
fortunately, tho a,ititude dependence of the daily variation of atmospheric lom- 
perature is not precisely known. Various workers have given various estimates. 
Some of these ai’e experimental determinations, most of which ar« often considered 
of doubtful accuracy because of what are knovm as ‘‘Radiation errors’ (Brasefield, 
1948). There arc several theoretical estimates too. Table I gives a summary 
of presently available information. 
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As can be seen frcjin Table 1, evidence regarding T*angcs of dail3'' temperature 
at different altitudee is very uncertain inrleed. While some workorH claim no 
significant ranges, some others claim ranges as high as 5^C even at 15 km. altitudes. 
Now in equation (1), if the integral is replaceil by a summation, the loniperaturo 
effect could be represented by 

S /sT,. Ar, ... (2) 

Ai u 

u'liere is the pai tial teinperaturc-coefficieni* and 7’,- is the average temperature 
variation of the i-th layer, For K , Dorman’s calculated values are as shown in 
Table 11. 

TABLE xi 

H{iub) 1000 900 800 700 600 .100 400 .'{OO 200 100 

(uogfl,tivp) .020 .021 022 .024 02.5 026 .028 .0:i:t 038 .031 

If, as an extreme assumption, the diurnal variation of giound temiiorature 
is depicted to the same extent by all layers high up in air, the integrated effect 
would be about 0.27% per ilegrce change at ground, which foi’ a soa-levol station 
like Ahmedabad, India, whore ground tomporaturo amplitudes can bo as high 
as ilO^C, would inipl.y a diurnal contribution of about 2.7 %o ppositel,^ correlated 
to ground temperature. On the other hand, if the diurnal variation of tempera- 
ture reduces rapidly with altitude and is negligible after 2 km. altitude, the total 
contribution would reduce to about 0,3% or loss. (Considering the laet that the 
average amplitudes for meson telescopes for groups of days are onl 3 '' of the order 
of 0.5% or less, the uncertainty due to temperature correction is a very discon- 
certing featiiT'e indeed. 

In view ol the lack of proper information about diurnal variation of upper 
atmosphere temperatures, workers have attempted to estimat^ indirectly the 
contribution of temperature effect to the diurnal variation of cosmic ray mesons. 
In the next section, such attemiits by other workers as also some analysis by the 
present author will be discussed. 

EXPER IMENT AJ. STUDIES 

Fi’om comparison of the average diurnal variation curves for different seasons, 
Dorman (1057) lias concluded that the total ciontribution of temperature effect 
to diurnal variation of cosmic lay mesons is of the order of 0.10 to 0.30% depending 
upon the season. From the approximately linear motions of the tips of the vectors 
representing the first harmonic on a harmonic dial for 1963-54-55, Glokova (1960) 
has concluded that the daily variation of meson intensity is the resultant of a 
variable vector of external origin and u constant vector of most probably atmos- 
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pheric origin. Fi'om the data of several Ionisation chmuhers and meson telescopes, 
the constant vector seems to he of amplitude between about 0.05 and 0.12% 
and an hour ol maximum in the early morning. This could be interpreted as the 
expected tomporaturo effect. Unfortunately, the amplitudes differ largely 
from phi(!e to place. Also, the method gives only approximate estimates of the 
constant vector. The estimates could be wrong if the external vector had changed 
in both amplitude and phase from month to month. 

Quenby and Thambyahpillai (1960) have estimated the temperature effect 
from a comparison of neuti’on monitoi and Ionisation chamber data for Huantiayo. 
Their basic idea is this. The neutron intensity is alfected by atmospheric pres- 
sure but not by atmospherui temperature distribution. Alsu, for an ecpiatoiial 
station like Huancayo, the coupling constants for neutron and meson intensity 
are somewliat similar. (Webber and Quenby, 1959) In addition, a nouti’on pile 
and an ionisation chamber have roughly similar zenith angle responses. Hence, 
effects shown by the neutron pile and the ionisation chamber at' equator (after 
proper barometiic correction is apidied to both) will be similar except for a jiossible 
tempoi'aturo effect in t/ho meson intensity (ionisation chamber) If periods ai’c, 
(ihosen when the daily variation for the neutron ])ile is negligibly small, the ioni- 
sation chamber will have no daily variation of extra-teri'cstrial origin Hence 
an observed daily variation, if any, C4in be attributed to atmospheric temperature 
variations only. 

Using this elegant idea, Quoiiliy and Thambyahpillai (1960) selected months 
when the monthly average diurnal variations for Huancayo neutron pile were 
negligibly small (<0.1 %). They found that the average diurnal variation for the 
ionisation chamber for the same periods showed amplitudes of about 0.11% Avith 
tlie hour of maximum at 05.30 hrs (L.T) winch is in very good negative correla- 
tion with the diurnal ground temperatm'c wave at Huancayo. The period studied 
was 1953-55, 



Plg. I Monthly avomge amplitudes (ri, rg) and Iiouth of inaxuiia (0i, of firHt m^d second 

harmonicH of daily variation of neutron intensity at the pquatonal station of Huancayo, 
Mma Aguilar, Makerere, Kodaikanal, Ahmodabud and Liw, 
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During the 1.(4. V., sevorfil noutron monitors, meson telescopes and ionisa- 
tion chambers wore operating simultaneously all over the world. An attempt 
was made to n.se these to estimate the contribution of tcmpci’aturo effect. The 
eauatorial stations Avhere neuti'on and meson data wore recordctl simultaneously 
wcM’B Kodaikanjil, Ahmoflabarl, Lae, Makcrere and Huamsayin Now, following 
(Jjuenby and Thambyahpillai’.s method, one .should first separate out the months 
for which the average monthly amplitmles for neutrons are negligibly small. It 
was found, however, that the average daily variation amplitudes weie rather 
high (0.2% oi more) throughout the I.G.Y. period. The values of the monthly 
average aniplitiides and r^) and hours of maxima and 0^) 
second harmonies for several equatorial ncutrSn monitors are idol tod m Fig. 1. 
It may bo noted tliat ; 

(a) For most of the months, is > 0.2%, in some cases as high as 0.6%. 
Tlio value of rj is eomparativcly .small. 

(b) Values of are not similar at all stations. Some stations (e,g. Ahiucdai- 
bad) show much larger fluctuations of as compared to other stations. 
The pressuie coeflieieni used for all these data i.s the same, about 0.72%/ 
inb.Hg. Statistical errors are negligibly small. Dissimilarity between 
tJic number of days in the same month for different stations could be a 
liossiblc cause. Also improper working of the instruments is not rplod 
out. The erratie fluctuations of the liour of maximum, indicate possibly 
the same cause. 

For these reasons, it liocarnc difficult to select iiiontlis of negligibly low 
amplitudes. Novertlieloss, the following grouping was adopted : 

Group A — (Lov" ampl]tudo.s) Jul., Dec. 1957 ;Jan. Mar. Apr. Aug. Oct. 
Dec., 1958. 

Group B — (Medium ,,) Oct. J957, Fob., Jul,, Sep., Nov., 1958. 

Groui) C — (High ,,) Aug., Sep., Nov. 1957; May, June, 1958. 



B'lg. 2 -Avovage diurnal variation curvoB for neutrons (full lines) and mesons (dotted linos) 
for Jfuaneayo, Makororo, Kodaikonal, Ahmodabad and Luo for months of Low (Gr. A), 
Medium (Gr. B) and Kigh (Gr. C) amplitudes n- 
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Fig. 2 shows the average tliiirnal variation ourvos for nontroiis and mesons 
(Ionisation chamber for Hnancayo and cubical mesons for the others) for the three 
groups lor various stations. Tn goneral. the incsons do show lessoj’ amplitudes 
thivn neutions anti the difference indicates a iiegat-ivo coi-rolation with an average 
ground temperature euivo for the meson intensity. Hov^ever, th(‘- differences 
are diflerint from [ilaco to place. If all these are eonsidertd as fault-free and if 
it is assumed that the neutron and meson curves would have loolced alike if the 
mesons were coirected for lemperature effect, the tcmperat ui c effect w^ould amount 
to anytlung from 0 0 to 0./i%. Tins is rather a large contribution. 

Amongst the various rlata. referied to above, those for Hnancayo neutrons 
and meiisoii ajipeared to bo the most reliable. Reni-e, a separate analysis was 
mad(! for Hnancayo, dividing the 1 G.Y. period into 4 groups as follow.s ; 

Group 1 — (V^ojy low amplitudes) Jul , Dec., 1057; Jan. Oct., 195S, 

Group 2 — (Low amplitudes) Oct. Nov , 1957, Apr., May, Jul., Sep . Dec., 1058 

Group 3 — (Me^dium amplitudes) L^eb., Mar., Jun, Aug., 1958. 

Gioup 4 — (Higli am])litudes) Aug., Sep.. 1957; Nov., 1958. 



HOUASG-T) " HOURS Cl.O 


Fig. ^ — Average diurnal vai-iaiion at Fig. 4 — Average diurniil vuiiation at 

Fliiaueaye for neutrou'i (full Imeis) and Huaaeayo for neuirons (full lines) and 

meHons (dotted hiica) for iiiontliH of luesouR (dotted linen) for days on which 

Vory Low (tlr l),Low (O, 2). Medmiu n valuoa were m the rangen (a) 0.00 — 

(Gr 3) and High (Qr. 4) amplitudes ri, 0.10%, (b) 0.11 — 0.16%. (c) 0.16 — 00%. 

Fig. 3 shows the average daily variation curves for those 4 groups for Huancayo 
neutron (full linos) and Ionisation Chamber (dotted lines). Hero again, if it is 
assumed that neutrons and mesons sliould show similar variations but for the 
tempera tuie effect on mesons, the temperature effect amoimts to as large a,8 
0.3% for Group 4. On the other hand, in Groups 1, 2, 3, the amplitudes of neu- 
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irons and mcHons are almost alike but the h()Ui'H of juaxima are earlier for neutrons. 
It seems, tlurelbic, that the assumption regarding similarity of daily variations 
for mesons and neutrons is not fully justified and the temperature effect estimated, 
by the above method would be only approximate. 

As il^ was not possible to pick out months showing average diurnal variation 
amplitudes less than 0.lfi% for neutrons, an attempt was made to examine 
individual dayfi and choose those of negligible amjilitiulos. For this, the neutron 
intensity at Huancayo was used and the bi-hourly deviations from mean for every 
day for Avhich flata were available during T.G.Y. \vere harmonically analysed, 
after applying linear conection for long term changes by (aileulating running 
averages over 12 Hucitossive bi-hourly values as usual. Days were then sorted out 
acfiording to values of the amplitude of tht first harmonic lying in the following 
T'ang(*s : 

Range (a) 0,00 < ^ 0.10% 

„ (b) 0.11 0.15% 

,, (c) 0.16 < rj < 0.20% 

For days in each I'ange, the average daily variation for neutrons and mesons was 
computed. Tlio results are shown in Fig. 4. A very interesting point to iioto» is 
tlxat wliereas days arc chosen so as to liave negligible amplitudes the final 
curves do not show negligible deviations. This is because the amplitude of the 
second harmonic is not simnltaacously negligible. Most of the imrves in Fig. 4 
are with two maxima during 24 hours, indicating an appreciable contribution of 
second harmonic. If an additional condition is imposed viz. that also should 
be in the same range as the number of days in each group bccimies very small, 
and the method cannot be imrsned further. Table Ilf gives the amplitudes and 
hours of maxima of the first and second harmonic for curves in Fig. 4. 

Jt will be scon from Table III that the Neutron minus Meson curve which is 
expected to sliow an hour of maximum coinciding with that of gi’ound tompera^ro 
curve, does not show the effect either for the first or for the second harmonic. 
In fact, the phases of the two are in opposition which would imply a ‘'Positive 
Temperature effect”! 

It would bo seen from the above discussion that the method suggested by 
Qiienby and Thainbyahpillai fails when applied to the I.G.Y. data. A possible 
reason could bo that whereas in the period 1963-55 studied by them, the solar 
activity was low and the spectrum of the anisotropy causing daily variation was 
flat enough to give similar results for neutrons and mesons at equator, the in- 
creased solar activity during the I.G.Y. might have created complications. 

Because of the failure of this method, a different approach was attempted. 
It is well-known that the daily variation of cosmic rays changes from month to 
month. The changes could be due to seasonal variations of ground temperature 
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or due to Hidorea] effects or due to long-term changes of the solar component 
which may be misinterpreted as seasonal effects. In practice, it is almost im- 
possible to separate the three, specially from a Ijimted amount of data. However, 
during the last 25 years, Eoibush and his (joworkers (194S, 1957; 1961) have done 
an admirable job of obtaining more or Jess continuous and rtliable data from 
Ionisation chambers at Huancayo, (Iheltenliam (l•ecently shitted to FredeT'icksbui’g) 
and Christchurch. One can, therefore, adopt the following aigument : 

From data for a tew years, the seasonal variation cannot be properly studied 
because the solar veritoi also changes from month to month. However, if conti- 
nuous data for, Siiy, 2 solar cycles (22 successive years) are available, the long- 
term linear trends m tlaily variation would bo greatly minimised. The following 
procodui'o could now be adopted : 

(i) Evaluate the monthly avei’agc daily variation curves (bi-hourly % 
deviations) for any station for 22x12 — 204 consecutive months. 

(ii) Average data lor similar months, thus yielding 12 daily variation curves 
for January to December. 

(ill) Find the yearly average curve by combining the 12 monthly curves 
and subtract this from the curve for each month yielding thus a sot 
of 12 bi-hourly iiercentago deviations from mean for each month. 

(iv) From data of ground temiiiu ature for any 3-4 successive years, evaluate 
a set similar to (iii) above. 

Smee monthly average ground temperature riaily variation doos not (hange 
mil oh from year to year, an average for any 3-4 eonsecutivo years would be a good 
representative for any period. Because we have subtracted the yearly average 



Pig. 5 — .Cosmic ray nioson mleasity va ground temperature (from daily variation curvcb). 
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froju tho nioiitlily ourves for teinperuturc also, the wetn of 12 hi-houily valiies of 
eoKjiiie niys and ground toniperaturo for every month c.an be directly tjonipared. 
11 sidereal variation does not exist, one V'ould expect a ^leidect negative correla- 
tion between the tv^o. 

The above prixiodure was adopted foi' the Joiusation Chamber data at Hiian- 
cayo lor tlie period 1037-59. It was noticed that lh(‘ correlation coefficients dicl 
not exceed 0.5 for any month Also, the coefficients wv.v sometimes jiositivo. 
It was obvious, thorefoie, that tempeiatnre variations were not the only cause 
ol the month-to-month changes of dally variation. A possible sidereal variation 
could bo tlie disturbing factor. Also, long-term changes in the solar factor may 
not liave been comjilctely climmaiod. There was no straight-forward method of 
estimating those or applying coiTections for the same. A statistical apjiroach 
could be to give weightage to tempt ratun. deviations only. Thus, the 12 sel-s 
of 12 bi-liourly values of (uisniic rays wort grouped in such a way tliat th^ corrts 
ponding tempcratiue deviations lay in fixed ranges. Fig. 5 shows the plot of 
average liosmic ray values a.s teiiqieiatuie ranges. In general, lower temperatures 
are associat.ed with higher cosmic ray intensities and vice versa. But an actual 
COT relation analysis yields a regression c-oefficient of only — 0.907 At 

Huancayo, tho yearly average amplitude of ground feiuperature is aboui- 
Hence the contribution to cosiuit; ray meson intensity would bo only 0.05% 
in contrast to 0.11% reported by Quonby and Thambyahpillai. 

Using data for about 20 yea-is for Ionisation chambers at Ohcltenhani and 
C/'hristehiueh, a similar analysis was carried out. These results are also shown 
in Fig. 5. The eoofficient for Oh istehiirch is very low, about “0.004%/'"C, 
but for Clultcnhain, it is qiiiti^ high, about — 0.029%/^C (tomporature data for 
Washington T). C. Avero used). Now. if there is a sidereal effect affecting all those 
(lata, it IS expected to be the same for Cheltenham and Christchurch and hence 
sliould cancel out in their diilereiice. On the other liand, silica, these two stations 
are in different hemispheres, teiiipcraf.urc differemJcs will iiersist. Heruje, a similar 
analysis was earned out for Clicltciihaiu minus Ohristehurcli, adopting a similar 
procedure for ground temiieratures also. The plot is shown m Fig. 5. The re- 
gression coefficient is --0.011%/°C. 

Foi‘ the period 1936-40, Hogg (1949) has imblished Ionisation cjhamber data 
for Canberra. When a similar analysis Avas carried out for tliose data, it yielded 
a positive coiTolation between cosmic i ay 'intensity and ground temperature 1 
Data for Ionisation Ohaiuber at Jtabashi (Japan) for the period 1953-60 Avore 
also analysed. A negligible correlation between cosmic! rays mesons and ground 
temperature W'as obtained. 

Table IV sumnuiriHCK the variousa-sti mates of temperature effect referred to 
so far. 

6 
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IMPLICATIONS OF T E M P E li A T U K E COHKECTION 

From the evidence presented so far it seems that the situation regarding the 
estimation of temperatiu'e effect on the daily variation of cosmic ray mesons is 


very unsatisfactory indeed. Not only is the magnitude of the effect not precisely 
known but even the upper limit of the effect expected is difficult to determine. 
From some results, it would seem a.s if the effect is probably less than about 0,15% 
i'or yearly average curves. On the other hand, some data on upper air tem- 
peratures would put an upper limit as high as 0.5%. In studies with narrow 

TABLE IV 


iS(iui'(!(j of infui mall OIL 

Total 

toiuporul.ui’o 

offout oil 

cosmic rays 

(%) 

Toiiipomtiu’o 
coelliciciit 
(%oC of 
ground 

1 cmpcratuit.)) 

From oxpcMiiiU'jUally dotfriumccl daily 

i) to 2.0 

0 to 0.3 


variation of uppoi- an tom|jei'aiuio 


Eocr’s 1 ‘oltttion ('Fablo 1) 

0.20 

0 0.3 

Quonby and Tliambyabinllai, 



High altitude 

0. IJ 

— 

Soa-lcvol 

t 

0.10 

— 

Dorman’s ohLiiiiatc 

0 . 10 to 0 . 30 


Pj'CHcmt analysis : — 



Dompanson of JV and M curves. 

0 to 0.5 


Seasonal variation analysis, 

Huancayo 

0.05 

0.007 

(llinstohurch 

0.0.3 

0.004 

Clioltenham 

0.20 

0.029 

(Chclt-Clu'ist) 

O.OB 

0.011 

Canberra 

Positive uffecti 


Itabashi 

Negligible 


Glokova, from longdorm cluvngcs of daily 

variation during solar niiniinuTn 

0.05 to 0.12 



angle telescopes, one usually finds daily amplitudes as high as 1.0%. It is, there- 
fore, argued that the pollution due to temperature effect on such days would be 
small. It must be remembered, however, that on individual days, the daily range 
of ground temperature, specially at sea-level inland stations, can be quite large. 
Table V gives the majcimum, minimum atid average monthly range for 1959 for 
Alimedabad, India (sea-level, geographic lat. 23'^. ON, long.7 2°.5E). 
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TABLE V 


Month 

Ground tcniporat\u‘o range (‘^O) 

Maximum 

Minimum 

Monthly 

average 

January 

30.0 

9.1 

15.3 

Fobruai’y 

20.1 

10.0 

10,2 

March 

20.5 

10 5 

16 0 

April 

20.2 

9.:i 

U 5 

May 

J7.0 

10.0 

13 0 

J iim^ 

15. ti 

5.0 

10 3 

July 

8.5 

O.t) 

4.8 

August 

G 2 

0 9 

4.3 

September 

10.1 

2.0 

5 4 

Octol>cr 

16.1 

3.7 

0.5 

November 

16 7 

4.1 

13.8 

Deeomh(>i' 

18 7 

0.5 

15.3 


Thus, in the winter months, one oncountors clays of temperature range as 
high as 20®C, whicJi will give an aanplitudo of about ±10“C, while in monsoon 
months, the range may drop down to O-O^C yielding an amplitude of "j:0.5'’0 
only. As shown in Table IV, the temperature coefficients may. bo anything from 
0 to 0.2%/°0 and thus daily temperature effects may amount to as much as 1 .(i% 
or more. The precise contribution depends upon the precise value of the c.oefficient 
which it-self may be different for different locations and for different scEisons. 
Thus, there is no reason to bo complacent about temperature corrections at any 
period. 



jTjg. 6 Long-term chaJlges of the amplitude ri tmd hour of inaxinium of Uio first harmo- 

nic before (full linos) and after (dotted linos) tomporaiure correction, 
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Jt woiiJfl be interesting in examine at this stage the implications of a tempera- 
ture correction to daily variation of meson intensity in the light of the various 
results that have boon jmblishcd in the jiast. Hnrabhai and Kane (J953), Tham- 
byahpillai and Rlliot. ( 1953) and Sarabhai H al. (1954) have shown that the yearly 
average amplitude and phase of daily variation of cosmic ray meson intensity 
shoAV liuctnations in relation to the 1 1 year and 22 year solar cycle. Fig. 6 is a 
plot of the amplitudes and hours of maximum of the first harmonic, each 
point being obtained a.s running average of 12 consecutive monthly values. Full 
linos rejiresent data oorreeted for baroinetrie pressure only and arc .similar to those 
illustrated in the jniblications referred to above, except for the iieriod 1946-53 
for Huancayo. For this station the pressure recorils were read wTongly in this 
period (Forhush and Beach, 1961) and lienee the data pidilishod earlier were 
wrongly pressnre-correihed. The necessary changes in the vectors and />, 
and hiiiice in rj and ai e given by Forbusli and Beach anti have been used in the 
present’ analysis for obtaining the curves lor Huancayo in Fig. 6. The dottetl 
lines in Fig 6 represent t he amplitudes and hours of iiiaximnin after correcting for 
temperature effect by nsiivg a (iocffieieiit of 6.02% pei* '"() of ground tomperatuie. 
For Huancayo, it amounts to adding a vector of amjilitudo of aliout 0 12% parallel 
to grtiuiid tcmiicratiire vector aiul is roughly the sanu‘ as Quenby anti Thauiliyah- 
pillai’s estimate of tomjioraturo effect. 

As can be seen from Fig. 6 the e.orreetion for teiuporfituro effect docs the ftil- 
lowing 

a,) The aiiiplitiude is now in general larger than before and remains essen- 
tially constant except near the solar minimum years t)f 1944 and 1954 
wlien the amplitudes go down. The depression m lt)54 is conspicuously 
larger and is spread over longer period (1952-55) in contrast to that in 
1944 (1944-45 only). Tt possibly indicates a minor 11 year cycle in- 
cluded in a. major 22 year cycle The forthcoming solar niiniranm will 
soon give a jiart lionfirmation of this xiatiein. 

b) The hour of maximum without temperature corroeti on -allows a shift 
tow'ards earlier hours during solar minimum, w^hich is more marked 
for 1954 (about S hours) than in 1944 (about 3 hours) indicating an 11 
year cycle within a 22 year cycle. It is interesting to note that, after- 
temperature correction, the variations in hour of maximum are reflueod 
considerably. In 1944 the shift is not even disoernablc. In 1954, 
it amounts to only about 3 hours. The 22 year cycle becomes more 
obvious and the minor 1 1 year cycle disaiipoars. Here again, confirma- 
tion over one more 22 year cycle is necessary. 

The actual amount of shift in the hour of maximum is directly related to 
changes in the energy spectrum of the anisotrojiy of daily variation and its direc- 
tioin in ^paco. Assuming that the energy spectrum remains constant and the 
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average geomagnetic tlefloclion for cosniic rays arriving at Hiuincayo is about 
90°, the normal hour of maximum at about 12 noon for Huancayo indicates an 
anisotropy in the IS hr. direction. In 1944 it shifts by II hours and in 1954 by 
8-9 hours thus crossing the earth-sun line by 1954. If, however, a temiiorature 
conection is axipbed, the direction c.hanges utmost by U hours and hence is always 
on the same side of the earth-sun line. This would have an mixiortaut bearing 
on the theories of daily variation. 



Kig 7 — ]3iiily vHiuitioji ciirvos for ITuanra^yn, (''h«*U-onJiaiii and OIjt iHtcliurcli foi 23 yours. 

J^’or Huanrayo, IJio doitod curves foi 194(i-r>a arc the wrongly pn'ssmc-cnrri'ctcd ones. 

The .shifting of the hour of maxima by as much as S boiirs had indicated another 
jiossibility. 8arabhai H al. (1955) luwe shown that from 19117 to 19f)4, the daily 
variation curves had undergone a dra.stir. change Irom curves of day-time maximum 
to night-time iriaximiim. Unfortunately, the conclusion was based mainly on 
the. Carnegi(5 Institution data for Huancayo for which the data for 1940-58 are 
wrongly pressure-corrected ns stated earlier. Fig. 7 shows the average daily 
variation curves for 23 yffU’s (1937-59) for Ionisation chamber.s at Huancayo, 
Cheltenham and Christchurch For Huanca^m, the flotted lines represent the 
earlier data which were wrongly pressure-corrected. The full lines are for proi)erly 
pressure- corrected data. As can be seen for Huancayo, the hour of maximum is 
at about local noon from 1937 to 1945. From 1946 onwards, it looks us if a second 
peak 18 developing at or before 06 hours. The effect is more iirominent in the 
dotted curves (wrongly pressure-corrected) but is seen in the full curves also. 
By 1954, the original day-time peak has disappeared leaving only one peak during 
night-time, again more prominent m dotted curves. For Cheltenham and Christ- 
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church, tho effect is not ho cleur but in 1954 there does appear a possibility of 
night-time maximum. 



8 — Daily variation tairvcs for Kunwayo, Choltonhnin anti ChriHlcliuroJi aftor t(>Mi]jm'a- 
tufc I'ori'ootiou. 

Fig. 8 shows tho yearly average daily variation curves after coiTection for 
temperature effect (0.()2%/“C). A marked change from Fig. 7 is obvious. The 
hour of maximum is tliroughout m the noon or afternoon and all that Ixappcns 
in 1954 is a drastic r-eduction of amplitude. Tn particular, there is no indication 
of a night-time component of daily variation in any year. 

, The shifting of the hour of maximum to early morning oi’ night hours dui'ing 
1953-54 has been reported by several other workers. Thus, Possener and Heerdon 
(1956) report that during July, Aug., Sep. of 1953 and June 1954, the hour of. 
maximum of meson intensity measured hy inclined (North, South) as well as 
vertical telescopes at Manchester and London was between midnight and early 
morning. Steinmaurer and Gheri (1955) report the same behaviour for Ionisa- 
tion .chamber at Hafolekar for 1953-54. Yagi and Ueno (1956) report a similar 
shift for data from counter tole.scopes and Ionisation chamber operated at Nagoya 
aild Tokyo, Japan, during 1953-54. Thus all those data show night-time or early 
morning maxima in 1963-54. However, all refer to meson intensity. The ques- 
tion arises whether all tliese are subject to errors due to temperature ooi'roction 
and if so, to what extent. Since neutron monitoi’ data are not affected by 
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temperature, it would be interesting to compare these results with neutron inonitoi' 
data. For the monitor operative at Manchester and later at London, Possener 
and Hoerden (1950) report that the corresponding aruplitudos diu'ing 1953-54 
were not signilicantly diflercnt from Z(‘ro. From data f(jr liiiancayo and Climax 
neutron monitors, Conforto and Simpson (1957) report that the monthly average 
vector drifted counter-clockwise during 1954 yielding an yearly average, amplitude 
for Hiiancayo aliiKJst zero. For Climax, the average amplitude reduced consider- 
ably during 1954 and the lioiii’ (.if maximum, shifted to kiter hours in the afternoon. 
Thus, in general, tlie neutron monitors showed negligible avergo amplitudes in 
19.53-54 and no night-time maxima. This would indicate that the night-time 
maxima scon iii l!)53-54 for meson intensitie.s was mainly a temperature effect. 

It mu.st bo remarked here that such corapaiisons with neutron monitors are 
not wholly desirable, because, the purpose of operating meson telBsc.opes is to have 
an intimsity record of mean energy response different from that of a neutron 
monitor. Thus, one would like U) study the differential bcliaviour of neutron 
and meson intensities rather than equate the two. Therefore, an iiidepoudont 
measure ol the exjiected temperature effect Avould be desirable. If one assumes 
equality of neutrons and meson effects, some very awkward conclusions follow. 
Thus Yagi and Ueno (195b) have reported that during 1954, the average ampli- 
tude for naiTow angle telescopes was 0.3% and the hour of maximum was about 
06 hours L.T. If the neutron monitor intensity were any valid comparison, 
tlie actual external anisotiopy for the same period was zero and hence the tom- 
pcratuie idfect for narrow angle telescope intensity would wmk out to 0.3%, 
m contrast to 0 12% that we have used lor correcting the Carnegie Institution 
(lata. It IS difficult to judge whether such i5omparisons arc invalid (u* whether 
tcmxjerature effects are leally so large. The latter \vould jwove a very discon- 
certing feature indeed. 

It would bo interesting to study the bohavioiii of the amxditude r^ and hour 
ol maxiiimm <j)^ of the second harmonic also. In the past, Sarabhai and Sastry 
(1960) have reported that the h(jm' of maximum shifts by as nmcJi as 10 hours 
in 19 years (19311-56) for Hiiancayo. Hero again, the conclusion was based on 
data which were ivrongly pressure-isorrocted for Hiiancayo as mentioned earlier. 
Since jircssuic curve is predominantly semidiurnal, the error will be largest for the 
second harmonic of cosmic rays. In the diagi-am shown by Sarabhai and Sastry 
in their publication, the value of changes abjujitly from 1946 onwards. This 
Is exactly the period when the wrong pressure correction crept in ! 

Fig, 9 shows the jilots of r.^ and ^ 2 , Huaiicayo, Clieltenham and Chri. 9 fc. 
church, using the properly prossure-corrected data for Hiiancayo. Following 
may be noted : 

a) The amplitude r.^ is small throughout, of the order of 0.10% for Huancayo 
and lessei' for Cheltenham and Christchurch. For Huanoayo, k. 
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increases soon after ilio solar nuniina of 194-4 and 1954 fromvalu es as 
loA^' as 0.02% to as high as 0.10%. However, IkS high at other periods 
too. Tims, no ono-to-onc ''relation ivith solai oyclc is indicated. At 
Cheltenham and Christchurch, r., lluctiiaics hctAveeii 0.02% anrl 0.07% 
but no correlation between these two stalhms or with Hiuincayo or with 
sunspot cycle is disocrnable. 

b) The hour of inaxinmm fluctuates between 0 and 90''(i.e. a fluctuation 
of about .‘J hours) for all stations. Howevt'j*. no jnt(‘ri‘orreJation between 
the ii stations or of any oi' them with solar cycle is indicated. Thei 
The large fluctuation of 10 hours (300'’) re.jiorted by Sarabhai and Sastry 
is not visible. Also the dotted curves show much redmiod fluctuations 
indicating an apprccialilc teiiipevature effect. 

it seems, therefore, that tlie second harmonic docs not have any tlefinite 
I'olation with solar lycle, exccjit perhaps for liuantiayo where the amiilitude 
fluctuation slums some relation. This could be an effect conflnc.fl tf) equatorial 
region It must be noted, however, that the amplitiules are very small (<0.1%) 
and even small errors in bfirometric correction could (jauso large differences. 
It is also not yet known whether the second harmonic is a meaningful independent 
(juantily. .It may as well be an ac.oessoiy of the first liarnuiuic controlling its 
sharpness of occurrencf!, 



Fig 9 -Long-ten u diaugos of the amplitude >:* ajid hour of umxiiiiuin of liio m’coad 
haniiouio before (full UiieH) und afUu (dotted toiujK'mt lue eori'ertioji. 

From the average data for 23 years, one can study the sidereal variation; 
because, the month- to month change of the solar vector is likely to be very small 
for averages over such large periods. Fig. 10 shows the monthly average vectors 
of the first harmonic; for Huanciiyo, Cheltenham and Christchurch after deducting 
the yearly average vectors fhmi each month. Full curves represent only pressure- 
corrected data while dotteil curves are Mith additional tempei'aturo correction. 
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Fig. 10 — Kftriiiomo dials for Mio monthly minus yonily avi'iagi' vi>rl,nis bofori* (full curvoH) 

and attoi (doltod ourvos) U'mjioi-aturo •‘orivi-hoji. 

Each point is a running average of 3 con.secuiivo luontlirt. An ant i-cslook wide 
shift of the monthly vector is (dear for all stations for prossnrc-c.orroetcd vectors 
hilt not for jnessnre and tcmperature-corrcetod vcotors. In the ahsonec of a 
precise knowledge ol the magnitude of the temperature effect, valid conclusions 
regarding sidereal anisotropy are diffic'ult. 

C O N C h U S I () N 

Tt IS clear from the above discussion that the tempornturo effect may play a 
very vital role in the study of the daily variation of ground level meson intensity, 
specially if the expected amplitudes of external (effect arc coiniiarahle to the 
expected temperature effect, LTnfortunatelv,tber(- is no way of estimating the 
latter except by actual measurement of daily variation of upper aii‘ tom])erature. 
As shoAAm in Table I, the information on this point is very unsafisfaetory. Recently 
some workers of the India. Meteorological Department carried out an extensive 
investigation at four Indian stations (Calcutta, Ne^v Delhi, Bombay, Madras, 
all sea-lovel stations) for four representative months January, April, July, October, 
The instruments used were by no means fault-free and, after applying rigorous 
statistical tests, the folknving conclusions ivore arrived at ; 

a) Diurnal variation of temxieratiire is genei'ally significant in the lower 
levels up to 700 mb, only. Under stable conditions such as in January 
in New Delhi, the daily variation is hardly noticed even at 000 mb. 
But in July when convection and eddy conduction is very effective, 
the variation extends even up to 500 mb. 

b) Amxilitudo of daily variation is about 3®0 at 900 mb. reducing to about 
1.5®C at 700 mb. Significant values for levels above 700 mb, are also 
observed but radiation errors are not ruled out. 

Such, perhaps, is the situation for all such measurements 1 It is interesting 
to note that whereas a tremendous effort has been jiut so far and is still continuing 
to be put, for the continuous recording of cosmic ray meson intensity at ground 
7 
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lovelH, not even a fracjtjon of this is devoted by these workci’S to the measure- 
jiients ol‘ upper air teniijeraturc which arc so vitally needed lor temperature 
correctjon. In a recent pai)er, Tewelos and Finger (I960) have done a detailed 
analysis of eompaiMtivc the various Radio sonde instruments used in U.S.A. 

TABLE VI 


Inutruiuorit 

(1) (-optvojitional dufl-lypo (double oi- Huifrle) 
XtadiuHOiido With intomally-niounlpd thor- 
iniHiuj-. 

(2) Exit'i/iallv iiiountt'd (oiitngKor) AvJiitf*- 
(H)n.ti‘d thoniustor. 


(2) I'jxtpmally mounted, Hilvorc'd IberimstoiK 
employing very Hiiirtll bead and Une tungs- 
ten wire (Mey vt aL, IHfiS). 


Solar radiation toniperature eorreetion. 

lladiation orroi incn^aHOf? rapidly with 
altitude in middle and upper strato- 
Hphere. 

IXefk'cts away l)fi% of .solar ladiation 
Still I'lidiation error ih ' 2.0°C at 
2o mb level with smaller errois Iwiluw 
and larger errois abovo this ullitiido. 

Uelalivc'ly eosth J’resents piobliniiK of 
elootrieiil eiieuitory, But radiation 
(“rror.s Biuall 


Table VI briefly summarises the tyjies of instruments presently used and 
their inerits and domej’its. which are most imibaliiy similar lor Radio-sonde instru- 
ments used all over the world. Workers in several countries have determined 
radiational temperature corroctions for their own instruments. Those dilfer 
largely from each othoj', which may be jiartly due to differences in the inBl.ruinonts 
at different places and partly because the detormiiicd corrections could lie erro- 
neous as shown hy Tewelos and Finger. With uncertainties as large as 2.0°0, 
the problem of determining the true daily variation of ujipcr air atmospheric 
temperatures is very formidable indeed. It is unimaginable, however, thEit it 
is so difficult as to bo beyond the readi of modern teehnologieal advance. The 
instrument of Ney et al (1968) is already an indicator of the improvement that can 
be achieved. The reason for apathy is obviously the lack of realisation of the vital 
role temperature correction may play in the study of the daily variation of cosmic 
ray mesons at ground level. It is hoped the present article will servo some useful 
purpose in bringing out the importance of such a correction and the effort needed 
to collect the necessary tempci-ature data. 
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THE ELECTRONIC SPECTRA OF SOME TRISUBSTITUTED 
BENZENES IN DIFFERENT STATES-I* 

T. N. MISRA 

Oi'TiaS DfiPARTMliNT, 1NJ)TAN AbSOCJATIOI^ KOll TlIK (JdLTIVATJON Olrt'SHENri'j 

0alcutta-:J2 

{Rv.ceivRd Janaai'ti 7, lOOH) 

ABSTRACT. Thti jiour iilimviuli'i abKoiplniu of I, 2, .‘I-l ndiloio- imcL J, 2, ,‘{- 

tnJiyrlroxybdiizi'no liavo boon Hiudicd ih flio liquid sbik*, Holid stale at room li-mperatuio and 
at — I8U°C aud alno in, rigid gluHy iiiedia m alcoJiol at the Haiiii' tmiqiaiatiirc In tlu* liquid 
.stiitd and in the solid .state at room tempcautuie both (lie aubstun(ie,s yield weak, broad, diffuse 
bandy flUuwing the eluiiatenstifH ol forbidden transilion an in fiee moleeulefi due to enneelln- 
tion of three niigral-ion monient venlois At — 180'(!, the tamsition beeianes allowed and 
the blind syHteiiiH ooiiHiHts of .«haip bands wil-U tho 0, 0 band at lirilMT curl foi J, 2, 3-trieliloro- 
boiweno and at ;{(ilO!J om-i for 1, 2, 3-tiihydioxyb(*U'Zono. 'I’he olher lauuh aie Haliyfaetoj'ily 
aHSigiiud to excited state vibrational li-oquoneies The slrueluro ol tlie bands in the rigid 
gUiHH at — 180°C Jh fcimilar to that of puro erystuls ut saiiirt tomporatuj’e except that it ih iit 
Ingher energy region aud in 1, 2, 3-trihydroxybonsr.eno the banilK are shaiper. 

These reaults indicate that a perturbation on the energy ytntos of th(»se inoloculeB 
occur at — 180°C. It has been pomt.’d out l.hat tlie inteiaetioii ol iiernionerit dqiolcs of tho 
iiHiglibouriiig luoleeulus on the transition moment cl the molecules in (ho laltieo might play 
a dominant role in detorimning (Jic enorgy states ol iiioloeular eiystulH 

I N T Jl 0 D U (J T ION 

The int(ui,siiy of abHorptum and strueliii'c of hands in the cloetroni(3 spec, 
tea of irisubstitutod benzenes are known to dejn'iid on tlie .symmetry of ilie mole- 
eviles. In symmetrical trisubstitnted benzenes ilie 0,(1 band in tho near ultravio- 
let ab, sorption .spectra is forbidden in tlie vapour state as in benzene, wlierca,s 
in tho spectra of 1, 2, 4-trisiib,stituted beiizcnos the 0,0 band j.s allowed (iSponer, 
1047). iSklar (J942) calculated the contributioii.s from the sub.stitiients to the 
migrational transition moment and found that they annul one auothei' in tlie 
first order in J , 2, il-trisubstitiitcd benzenes, wlicii the SLibstitucnts at the iiositions 
are the same. 14 iub theoretically, the spectra should appear in these cases only 
through yibrational moments i.c. by distorting the .symmetry of the molecule 
through excitation of vibrations Tii 1, 2, 4-tri.substituted benzene, however, the 
three migration moment veotor.s are added up to give a large resultant migration 
moment and the spectra are exiiec-ted to be allowed with a strong 0,0 band. The 
influence of interraoleoular field on the electronic siieetra of a few trisubstituted 
benzene has recently been studied by a number of workers. It has been observed 

*C□mlnul^lcatl)d by Trof. fcj U Sirkai’. 
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that the Hymmctrically fojhiddeia transitiouH in 1,3,5-trichlorobonzBne (Banerjee; 
lOf'jT) and l,,‘b,5-lrimcthylbenzcne (Sen, 1959) become allowed in imro crystals 
when cooled to-180°C. Schnepp (1959) studied the polarised electronic spectia 
of orientated single crystal of 1,3,5-trichlorobenzene at -i80°C and oonclnded 
that the apijcai'ciicc of the 0,0 band was due to change in symmetry of the mole- 
cule. Roy (1958) observed that in the spectrum of the substance dispersed in 
rigid glass media at -180°0 also, the 0,0 band was present. In the present work, 
investigatjon,i^ 1)11 the electronic siiectra of trisubstituted benzenes indifferent 
states have been extended to tlic molecules of 1,2,0-trichlorobenzeue and 1,2,3- 
trihydroxy benzene. 


K X P E R 1 iM E N T A L 

The experimental set up was the .same as deseribed in an earlier paper 
(Misra, 1960). Chemically piue 1,2,3-trichloro-and trihydroxybenzene supplied 
by Dr. 'Pheodor SeluicJiardt of Munich and R. Merck Si, Co rosjicctively were 
repeatedly crystallised fi'om solutions in alcohol and the crystals were further 
purified by vacuum sublimation before use. 

Thin films of the Hubstances of thicknesses of the order of a few microns 
were required to produce bands in the solid state. To study the absiirption 
spectra, in the li(]Uid state, the thin film of substances enclosed between two quartz 
plates was ijlaced in a heating chamber which was kept at temiieratures about 
o'D above tlu) respective molting jjoints of the substances, 

The solvent used to study the absorption spectra of the substances in 
solution and in rigid glass media at -180'*C Avas ethyl alcohol. The solvent was 
found to produce no absorption band in the region under consideration. A brass 
cell of thickness 1 cm provided with (piartz windows was used to study the !ibsoix>- 
tion sijectra of the substance in solution and m rigid glass and the strength of the 
solution was .01 % by weight in each case. 

Hiiectrograms were taken on Agfa Tsopaii films backed by a metal sheet 
with a Hilgor R 1 spectrograiih giving a dispersion of the order cf 3 A per mm. 
ill the region of 2600 A. Iron are .spectrum was photograidieil on each spectro- 
gram as a comparison. Microjihotometri*; records wore taken wuth a Kipp and 
Zonen self-recoi’ding inicroiihoturmiter. The absorjitioii spectra were calibrated 
with the help of microxiJiotometric records of iron are lines using the method 
described in an earlier paper (Sirkar and Misra, 1959). 

H E S U I. T S AND J) 1 S C U 8 S 1 O N 

The microphotometric records of the absorption spectra of the 1,2,3, 
-trichlorobcnzone and 1,2, 3-trihydroxy benzene are given in Figs. 1 — 4 and the 
positions of tlio bands in wave numbers, their visual strengths of absorption and 
probable assignments are given in Tables 1-111. 
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The results have beou diseussed in the following sections. 

\,2,’^-Trichlor6benzeific 

The near ultraviolet absorption spectra of 1,2,11-trichlorobenzeuc along 
with those for l,Il,d- and 1,2,4-trichlorobenzene were studied by Conrad- 
Billroth (1932) in hexajie solution and several distinct maxima were observed. 
Though the absorption is strong in the ei.se of I 2, -1-triohlorobenzene, the other 
two compounds exliibit very feeble absorption. This shows the (diaraoteristios 
of foiludden transition. The absorption spectrum of 1, 2, 3-triehloro benzene 
in tlie vajiour phase was studied by Miioncr (1947) wlio ob, served that the structure 
of the spectrum was dilTcront from that ol tlui other two i.somers. It consists 
of three broad, difFii.so and weak bands wlucli are sepaiated From each otlier by 
about 995 cm“'. No band duo to 1 -->9 transition in the vapour phase was ob- 
served and therefore it was .sugge.sted that the 0,0 band miglit be jireseiit in the 
first weak group. The centre of the lirst group is at about 35910 cm“\ but as 
the', transition is ordinarily lorbiddcn, the 0,0 band cannot be strong and therefore 
it cannot bo at the centre of the first band. It has been observed in the present 
investigation that in the Inpiid state at 70“C also 1, 2, 3-tri(ihlorobenzene shows 
Ihiee broad bands (Fig. I, Table i), the centre ol the bands being at 35535 cm~‘, 
3()C)07 cm and 37681 cm h respectively the difference between successive bauds 



35000 36000 37000 38000 39000 

V Ul Clll-l — > 

Pig, 1. Micro photometric records of the uHiuviolot absoiptioii spectra of l,2,3-li icliloro 
benzene m different atatcH, 

(a) liquid state at TO^C. (b) solid state at 32'’C. ^c) solid state at -ISO’C, 
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TABLE] I 

Ultraviolet absorption bands of 1, 2, 3-trichlorobonzeno m different states 


Liquid ftt 70°C 

Solid at 32"C 

Crystal at — 1 80°C 

Wiivo No. 


Wave No. 


Wavo No. 

Ill om~i 

Lifforoncu 

Ill cin-i 

Differeaco 

la ciii~i AHSigauierit 

35535 (VH) 

30607 (h) 

37081 (s) 

1072 

1072 

35638 (h) 

36713 (h) 

37773 (h) 

1075 

1075 

35347 (iiiH) 0,0 

3561 0 (w) 04-260 

35733 (vh) 0 + 380 

35837 (w 04-400 

30002 (vw) 0+200 1-386 

30007 (hih) 04-260 |-400 

0-1-720 


:U122H (w) 0 1 38(i I 490 

;i()339 (111) U I 902 
39430 (m) 0 | J092 

3(i6ri7 (v\v; 0-|-i2l0 

30725 (niw) U |-092 I 386 
0-1-10024-200 

30825 (vb) 0-1-1478 

0 1-1092 1-380 ' 

30920 (w) 0-f- 1092-^400 

37059 (nw) 0-)- 720 -|- 992 
37159 (111) 0-J- 7204-1092 

37316 (ill) 0 I 1002-1-4904-386 
0 1-14784-400 
0 I 2X992 

37431 (111) 0 10924 1092 

37531 (imv) 0 | 2x1092 
37049 (w) 0 1-10924 1210 

37717 (w) 0 12X992 1380 

37817 ( 111 ) 0 12x 1092-^200 

0 4 10924 992-1-386 

38033 (w) 0 + 2x10924-490 

0-1-1478 + 1210 

38151 (w) 0 11002 + 0924-720 

38251 (vw) 0 1 2X1092 1-720 

38413(8) 0 + 2x1092 1-386 

4 490 

0 + 1478 + 1092 + 490 

38523 (w) 0 + 2x1092 + 992 

38809 (111) 0-1-2x092+1478 

0 + 2x992-1-1092 + 

^ 386 

39009 (1118) 0-1-2x10924-1478 
39499 (m) 0 + 2x992+2+1092 
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being about 1072 ciu~^. Thus it appears that on liquefaetion of the vapour, 
the band system is shifted by about a75 om'^ towards red. 

When the liquid is solidiliod at the I’oom teinijeraturc the bands boooine 
a little sharper but no further resolution of the structure of the bands takes place 
and the spectrum consists ol three broad bands as in the liquid state, the ceiiti'es 
of the bands being now at 350118 cm-\ 36713 crn i and 37773 cin“i respectively. 
Thus the band s^^stem is shifted by about 272 em“^ towards red from its position 
in the vapour phase. 

When the temiieraturc of the crystals is lowered to -~180"(1 each of the 
three bands is split up into a number of bands and the spectrum consists of strong 
sharp bauds a.s in the casc‘ of allowed transition. The very strong band at 35733 
cm“^ was approximately at the centre ul a number of bands. The first band on 
the long wavelength side at 35347 ern-^ was taken at th(‘ 0, U band of the system. 
All the other bands in the spectrum could then be cxjilaincd satisfactorily m 
terms of excited state Ircquencies 209, 380, 490, 992, 1092, 1210 and 1478 e-m-^ 
and their combinations. These fi-eipieiicies correspond resiiectively to the ground 
state Kaman frequencies 333, 480, 505, 1070, 1151, 1248 and 1554 cm“' as given 
m Landolt-Bornstein’s Tables (1951). No llamaii-shift of 720 cm“^ was given 

TABLE 11 

Ultraviolet absorption bands of 1, 2, 3-trichlorobonzonc 
ill alcohol 


In Holutioii at 32'’C' 

Ta rigid glasK media at — I80''() 

Wave No, 

la om~i niirort‘a(5o 

VV^avo No. 
in (im~i 

AHHiguinonl 


36463 (8) 

0, 0 


.3671 y (w) 

UH-266 

30li52 (s) 

lOfiO 

35844 (VH) 

04 381 

:J0702 (vhJ 

35947 (w) 

0+484 

J050 


3G197 (1118) 

0 + 260-1-484 

37763 (8) 


0+734 


366.38 (ms) 

0 + 1075 


36903 {v8) 

0+1440 


37177 (ill) 

04 266+381 + 1076 


37281 (m) 

0 + 734 + 1076 


. 37386 (111) 

0 + 484 + U40 


37870 (in) 

0 + 2x1075-^250 


37997 (ills) 

0+2 X 1075 + 381 

0-1 1440+1075 


38479 (1118) 

0-1-2x 1075 + 3814-484 
O-’M 440 4 1075 -1-484 


39043 (him) 

0-1-2-1-1076-1-1440 
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in Landolt-Bonistein’H Tables but such a frequency is usually observed in other 
1, 2, a-trisubstitutod benzenes such as trimethylbenzene, trihydroxy benzene 
(Landolt-Bornstein’s Table, 1951). Thus the very strong band at 35733 cm"^ 
which is at a distance of 386 cm~^ from the 0,0 band represents the centre of the 
broad band observed in the spectrum due to the (srystal at room tempera- 
ture. Hence the 0, 0 band is on the long wavelength side of the centre of the 
first broad band observed in the case of the liciuid and it has been con- 
cluded that the 0, 0 l)aud appears only when the crystals are cooled to — 180°C. 

When the substance is dissolved in alcohol, three broad bands, as those 
due to the liquid state and solid state at 32°0, arc observed, the centres of the 
bands being at 35052 cm" ^ 36702 cm-^ and 37753 cm"^. respectively (Fig. 2 Table 
U). fn hexane solution (Conrad-Billroth, 1932) the 6rst broad band was ajiproxi- 
inately at 35700 cm’ Thus in alcohol solution at room temperature, the band 
system is shifted towards red from it.s position in hexane solution and it is ai)proxi- 
mately m the same position as in pure the spectiim of crystals at the room tem- 
perature. 



1,2,3-tridilorobenzent). 

(a.) alcohol solution 32°0. (b) Kigid Glass Medium at —180 G, 

The assignments of the- bands due to crystals at — 180®C are supported 
by the spectra of the substance dispersed in rigid glass medium in alcohol at 

180°0. The structure of the bands in rigid glass is similar to that due to pure 

crystals at — 180‘'C. The first band of medium strength is now at 35463 cm=^ 
and taking this as the 6, 0 band, the other bands can bo assigned to upper state 
fundamentals 256, 381, 484, 734, 1075 and 1440 .cm-^ and their combinations. 
Thus the 0, 0 baud of 1, 2, 3-tricldorobenzene in frozen alcohol at — 180°0 is at 
a distance of 116 cm-^ on th^ high energy side of the 0, 0 band due to the pure 
crystals at — 180°0 and the upper state fundamentals in the two cases agree 
|airly well with each other. 
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Thus it is seen that in the speotra of the substance in rigid glass media 
at — 180“0 and also of the pure (Tystals at — ISO^C; the strength of absorption 
is muck larger than that in free molecules and the broad bands of crystals at room 
temperature are resolved into a number of sha-rp bands in the former case. Tn 
rigid glass, the bands are less sharp tlian in pure crystals at — 180°0 but the struc- 
ture of the spectrum is the same in both the cases. These results indicate that 
transition which is forbidden in free moleoulea due to cancellation of three migj’a- 
tional moment vectors, becomes allowed probably due to some distortion in the 
symmetry of the molec-ules at — 180 “C. The weak 0. 0 band in the speetrum 
due to the crystals at — 18()T indicate that though the transition is allowed at 
this temperature, the magnitude of the transition moment is very small and its 
interaction with the jiermaneiit dipole of the neighbouring molecule is expected 
to be very weak. It has been proposed by Sirkar (1902, 19011) that such interac- 
tion might be partly responsible for producing largo splitting of electronic bands 
in crystals of polar molecules. Tn the present case, the interaction may be too 
weak to iiroduce any detectable sjilitting of the hands and actunlly no splitting 
has been observed. 


1 , 2 , 2>mTrihydroxybenzene 

Jjttle M^ork has been done on the electronic spectra of pyrogallol in the 
near ultraviolet region. Leonard -liird (1957) observed the absorption maximum 
of the substance at 2670 A in solution in alcohol at room temiierature. Shergina 
et. al. (1959)al so reported similar observations. In the iircseut investigation, 
the ultraviolet absorption spectra of the substance were investigated in the liquid 
and solid states at room temperature and also at — ISO^O. The spectrum of the 
suhatance in solution in alcohal at — 180”C was also photographed in order to 
verify the assignments of the hands due to the poly crystalline mass at — ]80"0. 

In the Liquid state, a broad region of absoi’iilion cstending from 35627 
cm"^ to 38156 cm~’ was observed without any discrete structure. When the 
liipud was solidified at the room temperature, three broad bands were observed, 
the centres of the bands being at 35999 cm~^, 36678 cm"^ and 37246 cm”' res- 
pectively. 

When the solid is cooled down to —1 80°C, the spectrum consists of strong 
but broad bands and eight strong bands are clearly resolved. No other bands 
were observed on the long wavelength side of the strong hand at 36109 cm"' 
and this was taken as the 0, 0 band of the system then the other bands represented 
and this was taken as the 0, 0 hand of the system then the other bands represented 
excited state frequencies 429, 537, 675, 972, 1237 and 1463 cm-^ which correspond 
to the Baman frequencies 406, 573, 767, 1015, 1237 and 1473 cm”' (Landolt- 
Bomstein’s Tables 1951). A strong Raman line 1386 cm”' has been reported in 
these Tables and the band due to the corresponding upper state frequency is 
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The Electronic Spectra of some Trisuhstituted Benzenes, etc. iSl 

In the case of the solution in alcohol at •— 180°C, the structure of the 
spectrum resembles that due to pure crystals at - 180"C except that in the latter 
case the bands are strong but quite broad while ui the former case the bands are 
sharp. The first band on the long Avavelongth side assigned as tlie <), 0 band is 
pure crystals of 1, 2, ll-trihydro\ybenzeno at -18fi“0 is quite strong compared 
to that in I, 2, 8-tri(ihlorobenzeno and the tiansitiou inomout has a larger value 
in the former tlian in the latter molecule. The broadness of the bands probably 
indicates that the bands are split uji in the spectrum due to pure crystals 
at - and the split components are not resolved. The 0, 0 band in this 

case is at 35857 cm~^ and the other bands represent upper state fundamentals 
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Fig- 4, Micropholomcl/rio rocordn of ultraviolot ab,sorj)tion Hpeoti'inn of“ 

1, 2, 3-(ri hydroxy benssono in rigid glass medium at — 180'’C, 

41fi, 535, 609, 1224 and 1427 cm~^ which agree fairly well with the values in the 
case of the i^nire crystals at - 180°0. Thus the 0, 0 baud ni pure crystals 
at —180^0 is shifted towards the higher energy region by about 252 cm"^ with 
rosijcot to that duo to rigid glass medium at the same temperature. 

These results indicate that the symmetry of the molecule is disinibed 
at low toraperaturo and the transition which is forbidden in tlio free molecule is 
made allowed as in the case of 1, 2, S-trichlorobonzene. Further interaction 
of permanent dipoles of the iieighhouring molecules on the transition moment 
of the molecules in the lattice plays a dominant role in determining tlie cnoj'gy 
states of molecular crystals. 
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ON NUCLEAR BINDING ENERGY 

A. K DUTTA 

Ulfll'ARTMJ-JNT or rUUIsPHYSlCS 

Umiveubity College of {Soienoe, Calcutta 
(Received February 12 , 1903 ) 

A smooth curve, drawn ovei the j)lotH of nudear binding enei'gy against mass 
number, is likoJy to be fitted in by u- number of lolationships with four or 
mure variable parameters and corresponding iwljustable (sonstants. A theore- 
ti(}al significance given to the paianieters, in any of these possible relation- 
sliips, would not necessarily imply that the intei’pi etation should be valid. This 
is all tile more true v^^hen the experimental points lie scattered about the moan 
graph. 

It is, therefore, more reasonable to be guided by the binding energy data, 
in an attempt to find a suitable relation for nuclear energy. It may be observed 
that in the usual Bethe-Weiszacker relation, the term denoting the binding energy 
per nucleon becomes inflated to a value of the order of —17 mev. per nucleon, 
in place of the maximum experimental value of —8.794 mev per nucleon, in 
the region near mass number 60, at mass number 62. This will be seen from the 
nuclear mass table of Everling et al. (I960). This inflation was necessary 
to countoiaci the effect of the other terms considered in the relation. It has 
been further noted that the binding energies for other mass numbers decrease 
on both sides of the region of maximum, in terms of the square of the mass number 
deviation, with only one adjustable constant associated with it. To make a closer 
fit with the large amount of binding energy data slight adjustments of the maxi- 
mum binding energy and the corresponding mass number are helpful and we obtain. 

E = ^,728A-^a(i4— 63.6)^ mev., where a = 9,181x10”^ 
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This is transforinod to 

i? -r ( ™ 9.893^ H 37.0); 1-9. JSJx 10“^^, in mev. units. 

T]i« first part in the transruiiiied j'olation signifies the usual binding energy jicr 
nucleon. The second term is the disruption energy, increasing projiortionally 
Avith the square of the mass number. TJio constant term in the first part 
signifies that tJie nuclear binding energy of this charH^ter would come into 
operation only with nuclei ’Slaving larger mass number than 3.7/5 tor which E is 
zero, j.e. from mass number 4. 

The relationship obtains the binding energies of all the 1600 nucliu, from 
carbon {Z — 6) to Ferinium {Z — 100), tabulated liy Everling, ei al. with an 
average fluctuation of less than mcv., for any mass number. A few nuclei 
which have larger deviation iu binding energy from the moan value for a mass 
number, obtain deviations of the order of ^10 mov. Magnitudes of deviations 
calculated l)y Bethe-Weiszackcr relation (Dutta ei al. 1962) are generally much 
larger. 

It aptiears that the fluctuations also can be expressed in terms of suitable 
additional or modified terms which arc necessarily functions of N and Z. This 
will bo attempted in a moie detail jiaper with co-workers. * 
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EFFECT OF IONIC CURRENTS ON HEAT-TRANSFER 

B. C. BHAND, M. S. GAUR anb D. V. GOGATR 

i’HYStcs Dei'aiitmmnt, Maduav CoLLiidE, VxKiiAM Univkrbitt, ITjJAIN 
{Received Augubt 22, H)()2) 

ABSTRACT. Elcrt-rolytio (lonio) furiml'H iug piorluortl ui a wGuk ('Iftcliolyto KivinR 
riBH to tliG fTonomtioii ol Inibblns and ihair effect on heat IniUHtei ih utiulied Tliiu jilaljuiini 
wiich wt'i'c uHcd ns heiitijig aurfaeos and the enlianeeineui id heat lianslej under (■iinlrolli'd 
bubble j^ejierution was deteriiuned for dillerent valuea of the ('xcphh of teinjK'rature Ad ol 
the hoatinjf aurl'aee ovei the Burj'uundinu liquid ChiingeR in the value of the heat triiUHlei’ 
coef&eient 7i’ rPHuhing from variation m the aiea of the heating surface and in tli.* excess of 
liuii|j;'i'ature are oxhibiii'd graphically luid I he peak valui' ol Vi' obtained under the 
above conditions is then deter mined 

J N TKOD Ut'TJ ON 

Heat transfer between a heating solid surfatte and a boiling liquid has been 
tlu' subjeet of many investigations during recent years (Nukiyama 1934; Drew 
and Muellei, 1937; Addoms, 1948; Bromley, 19/59, Rao, Desai and Gogato, 1960). 
Tn the process of heat transfei in boiling liquids, the inoiease of temperature of 
the heating surface causes an increase in the rate of bubble evolution and also in 
the number of bubble nucleation-sites. These two effects can be simulated by 
electrolytic generation of bubbles and there is the added advantage that it can 
be controlled independently of the heating surface temperature. It thus offers 
possibilities of a better understanding of the mechanism by which heat is trans- 
ferred In our experiments bubbles are producefl electrolytically on a heated 
platinum wire immersed in a dilute electrolyte. 

Mixon and du Pont (1969) have investigated the inllueiice of eleetrolytic bubble 
evolution on heat-transfer and have concluded that there is a slight but imsonclusivo 
evidence that an increase m the ionic current lowers the attainable heat flux m 
the high current region. 

in a preliminary note Edkie, Rao and Gogate (1961) have briefly described 
the changes in the heat transfer coefficient 7i’ resulting from the production of ionic 
currents under a constant difference of temp. M between a heated platinum wire 
and the surrounding liquid. It aijpears from their results that there is a sudden 
fall in the value of ‘h' immediately after the peak value (/i^mirn) is reached. But 
they do not seem to have obtained any definite and reliable observations for the 
sudden fall in ‘h' with increase in the strength of the ionic currents. 

The work reported in this paper was undertaken to examine heat transfer 
enhancement resulting from the controlled bubble generation by means of ionic 
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currents and to investigate the lowering of heat flux in the high ionic current 
region. 

E X P E R I M ID N T A I. 

A thin idatinum vv'ire (about 0 1 ni.iii. in diameter and 10 onus, in length) 
was stretclied horizontally along the axis of a hollow metal cylinder open at both 
ends and the system (wire and the niotal cylinder) was kept immei‘sed m a through 
containing a. very dilute elec,trolyto, say water, containing a few drops of dilute 
sulphuric acid (Fig. 1). A potential difference ranging from 10 to 100 volts | 



1. (a) \V\V, plaLiuum win', (b) Cy , cylinder, (C) r,i ' — Htandaid low rotuHiancob 

(using a dry battery) was e,siablished between the wire and ineta.1 cylinder giving 
rise to a ladial-elcctru! field The ionic (electrolytic) cuiTcnts generated in this 
way, were measured by means of mdli-ainmeter 

Measurements of the current flowing through the wire and its lesistance 
are used for doteriniiiing both the power input and the tempefature of the wire. 
Under equilibrium conditions, the heat input to the wire becomes identical to the 
heat transfer from the wire to the liquid. 

For the accurate determination of the eurront flowing through the platinum 
wire the latter was made to form one arm of a low resistance bridge (Kelvin’s 
Double Bridge) as shown m Fig. 1. Tn the other arm (balancing .arm), two 
standard low resistances r, r' (each fraction of an ohm) are connected in series 
with a small variable resistance. One of the two low^ resistances (r) is shunted 
by a key so that it ('.an be introduced into the circuit wdien desired. The poten- 
tial drop across the second low' resistance {r') is measured by means of a poten- 
tiometer and from this the accurate value of the current passing through the 
platinum wire can bo easily deter mined. 
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To start the oxponineiit a vory small fiwToiit of the orclci of lOiu. a. (wlmsh 
does not heat the wjie appreciably) is jjassod llirough Hi(» platinum wire, which 
is kept in one, arm of the low resistance bridge referred to above and a balance is 
obtained by adjusting the resistances in t.he other arm of th(‘ bridge. The additional 
standard low resistance (r) is now introduced, and this disturbs the balaniie pre- 
viously obtained The ciinent in the platinum wire is now gradually Increased 
to leatorc the balance Tlie change in temperatiu-e A/9, can be calculated by 
means of the relation AO ^ (r//2„a), where r, the additional staiiflard low resis. 
tance introduced in balancing arm, the resistance of the platinum wire at ()°C 
and a, the toni]). coefft. of resistance for the wire, are known. 

If now some potential difference is established between the iilatimim wir<! and 
the metal cylinder, electrolysis starts in the lupiid and ionic. eiiiTcnts begin to How 
between the wire and the cyhnder Bubbles are tound to rise from different 
points on the who flue to evolution of gas in the process of electrolysis and the tmnp. 
of the wire is slightly lowered. The wire is now brought back to its initial tem- 
perature (timperature before the comiueiicemont of ionic oiin-ents) by pa^ssing a 
little more current through it from the battery and the heat exchange between 
it and the surrounding liquid is then measured. Iho heat flux gjA {A -- 
sui'laco area, 2ttH of the wire) lor unit difference of temperature between the 
wire and the surrounding liquid is laiou'ii as the heat transfer coeliicieiit 7?/. We 
have investigated the variation of 7’ with increasing values of AO for different 
strengths of loniii cuiTents and with jilatinum wires of different diameters The 
different values of AO could be obtained by choosing suitable values of the 
additional standard low resistance V’ in the balancing arm. A typical set of 
observations showurig the variation of the heat transfer cofiflicient 7t’ with the 
strength of the ionic cun imt for a fixed value of Ad is given in Table 1. 

TABLE I 

Wire diameter = O'lO m.ni., AO — 6'3'^’C, = 0.0873 cal./sq. cni./Hec/”C 


SI. 

No 

i 111 

iiiilli-aiiip 

JjOp f 

h 

Cal /hc] oiTi./ 
'VjHOC. 

(CK) 

I 

20 

1 30 

0 1107 

1 208 

2 

40 

l.OO 

0.1274 

1 . 458 

3 

00 

1 78 

0 1348 

1 545 

4 

80 

1 i)0 

0.1308 

1 507 

/) 

100 

2.00 

0 1351 

I 547 

0 

120 

2.08 

0 1310 

] 501 

7 

140 

2 14 

0 1148 

1 314 

8 

1(10 

2 20 

0 1029 

1 179 

{) 

180 

2 20 

0 0983 

] 120 

10 

200 

2.30 

0 0909 

1.041 

11 

220 

2.34 

0 0862 

0.988 

12 

240 

2 38 

0.0720 

0.831 

13 

200 

2 41 

0 0015 

0.705 
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KESITLTS AN]) DISOUHSION 

Tn Hiudying ih« variation of 7j.’ with ionic cuiTent, the difference of temp. 
^0 between the wire and the surrounding liquid was kept constant by keeping a 
definite value of V’, in the balancing arm The values of {hjh^)*, where is the 
heat transfer coefficient in the absence of ionic cui’i entH, were then plottoii against 
Jog i, where 7’ is the strength ot ionic current in miUiamperes. One such plot is 
shown in h^ig. 2(cui'V’o A ), where the value of AO was maintained constant at 6.3°C. 



1.2 1 0 2 0 2 4 2 8 

log 'I — > 

Fig. 2. 'Pho plot of {hjh(f) against log i (i, being ioiuc current m miHiainpores) using platinum 
wire of diaiiioter 0.10 nini., at different valuoR of Afi (A) (B) ]0.0"0, (C) 15.2“0, 

(D) 20.J°r!. 

This process was repeated for the values of AO = 10.0“C 16.2°C, and 2(),1'’C and 
the resulting graphs B, C, D are shown in Fig. 2. It is obvious from these graphs 
that there is a definite increase in the peak value of 7i’ with increasing values of 
AO. For instance, at the value of AO = 6.3'’r), {hjh^ max”^ is equal to 1.567 
whereas with AO = 20.1'’0, (A/^o)max*" comes out to be 2.559. 

* It iH found more convenient to uoe tho ratio {hjho) than ‘A’ alone, while considering 
the vaiMtti/ion of heat transfer witli increase m the ionic currents becauso, though the values 
of li may vary for diffei-ont sets of otaservations under different conditions of temperature, 
pressure, humidity etc., tho value of (/i/^o) remains sufficiently cousiatent and umfonn. 
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Ejfect of Ionic Currents on Heat-7'ransfer 

The effect of varying ih(‘ rhuinclor of tlic pliitimmi wire on tlie raft? of ]ieat 
transfer ^vas then Mtiidied For tins purpose, wires of four different diameters 
were used Tlie variation ol 'h' with ionic can rents for these wires of different 
diameters is depicted m Fig. The different curves of Fig ih clearly indicate 



Kig 3 Tlid plot of {hlho) flffavnst log 't iiuuutaiuiug AO = b .'}”(! ajol asing pluiuiuin wivos 
of dilfcrcnl; dianu'iors, (A) OlOuim., (H) 0.19 nini , (C!) 0.31 iiiin., (]>) 0 37 mm. 

that the maximiini rate of heat transfer {h^^atfn) hdling slowly as the 

diameter of the wire increases though in this ease the change in the peak value 
of 7//' is not very greats even when the diameter of the wire is increased to four 
times its original value. 

The variation of the peak value of 7t’ with (i) iiicT'ease in the value of £^0 
and (ii) increase in the diameter of the platinum wire is shown in Table IT. 


TABLE li 


Ml 

TVo. 

Will? dniiiioUM* - 0 10 mm 

Ai9 = 

6.3^(! 

^6 ui (/i//io)max'"‘ 

wire diaiiujtcr 
in mill. 

(/i/Ao)mu.x»' 

1 

0 3 1 567 

0 10 

1.507 

2. 

10 0 1 938 

0 19 

1 .433 

3! 

15 2 2 222 

0.31 

1 323 

4. 

20 1 2 659 

0 37 

1 220 
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Our results indieate very clearly that for every value of there is a dofiiiito 
enhanccnieut of heal, transfei up to a certain value of ionic current and this is 
followed by a reffular decrease in heat transfer in the higher ionic current region. 

Moreover the graphs of Fig. 2 and 3 can bo taken as a conclusive evidence 
to show that though ‘A’ becomes maximum for an optimum value of i, it goes 
on falling gradually and not suddenly as reported by Edkie, Rao and Gogate 
(1961) with increasing strengths of ionic currents. 

In calculating AO wo cannot suppose that the temp, of the platinum wire 
alone is raised up to a certain point by the current passing through it and that the 
temperature of the surrounding liquid remains constant, though the rise in tern- 
peraturo of the liipiid is made negligibly small by employing a large (juaiitity of 
the liquid and very thm platinum wires. A correction for this very small change 
in AO was however applied by plotting change in AO against time and the values of 
AO corrected in this way were used for determining the value of 

tn the above experiments the platinum wire was always kept at a positive 
potential with respect to the cylinder We have (iheckod up that the nature of 
the phenomena as shown by the graphs of b^ig. 2 and 3 remains unaltered by rovers- 
mg the polarity, though it causes a slight change m the value of ‘h\ 

(tONCLU 8ION.S 

(a) There is an optimum value of ‘i’ (the strength of the ionic curront) foi- 
which the heat transfer coefficient 'h’ becomes maximum. 

(b) The value of ‘A’ goes on falling gradually after attaining the peak value 

increase in the strength of ionic currents. 

(c) The enhancement of heat transfer becomes greater when the difference 
of temperature A6 between the heating surface and the surrounding liquid is 
increased. 

(d) For a given value of AO, the rate of heat transfer goes on falling when 
the area of the heating surface is enlarged. 
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A STUDY ON THE DISCHARGE OF CONDENSER USING 
A TRANSISTORIZED BLOCKING OSCILLATOR 

K. R. DUTTA GUPTA 

Instithtk of Radio Rhvkks and Electronics, I’nivkusjty of Calcutta 
[Hevnocd AuquMt 30, 1962) 

ABSTRACT Tlio piobloiii of diHfliapge of a conclt«Uhei will) llir licl]) of a (laiisiptoi-izcd 
blocking ohuiIIsIuj' is invoHiigalcd. both the groimded l>a,sc and tin* gi’oundt'd oiuittor iiiodu 
of operation being considciud Thu optiinuin lurnn latio ol the feedback tmuHfoi'iiier loi 
inaxjniuDi discharge Iihh boon found out Ex|)ivhhiou.h foi voltage nwiog aio found oul. by 
theoretical analysiH and eonfiritied by oxpori luonl al nieasuieineidB \ coiujianson ot the 
relative iiientR of Ihe gioiiuded baai* and the grounded emittei’ iiiodoH reveiilH that ii ling(*i 
voltage swing should be obtainable with the lat tei mode; howevei, coiiditionH requiring o})ti- 
niuni perloriiuince ol I be grounded omittor mode eamiot be realiHod in praetiee. A versa! ile 
generator of ataircape waveform winch may hnd uno in spoeuil fields of application has 
also been incidentally develojied. 


1 N 'I' R 0 I) U (1 T I O N 

TranaiHtorized blocking osoillatois have been uHed iiH gcneiutors of rectangular 
pulses (Wratliall, 1956 and Tendick, 1956), pulse longlhoncrs and pulse frequency 
divideJ B (Butler, 1959). Lmvill and Mattson (1955) have shown that a blocking 
oHcillatoi using a junction transistor of a few megacycles alpha iMit-off frequency 
could be used to obtain fast risetmio by a })roper choice of the feedback transformer. 

In pulse techniques, ordinary blocking oscillators arc frequently used for 
discharging a condenser (Chaii(;e e^ al., 1949). The potentiality of a transistorized 
blocking oscillator as a means for such discharge has not, however, been investi- 
gated uptill now. Tn the present paper an account is given of such an investigation 
using both the grounded-base and grounded emitter configurations of the oscillator 
The general principle of operation of a transistorized blocking oscillator is first 
described. This is followed by a theoretical analysis of the two modes of opera- 
tion in Sec. 3. The results are extended in iSec. 4 to include the effect of delay 
caused by the transistor on the discharge of the condenser. Relative merits 
and demerits of the two modes of operation arc critically examined m ISec. 5. 
The voltage swing duo to discharge is shown to be larger with the grounded enuttor 
mode. For both the modes, the transformer requirements for optimum discharge 
of a condenser are calculated. It is found that these requirements are different 
from those derived for minimum pulse rise-time by Lmvill and Mattson. Thus, 
with a transformer designed to ensure the maximum discharge t>f a condenser, 
the speed of switching of the blocking oscillator v/ould be somewhat sacrificed. 
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A fi ee running blocking OHcillator aa a medium of condenser discharge is described 
in Sec. 6. It is shown that aucli a circuit arrangement may bo designed in a 
manner so as to function as a generator of staircase waveform. Ricperimontal 
evideiKies in support of results obtained m See. 3-6 are presented m Sec;. 7. 


T U A N S I S T ORLZ D H I. O C K I N (I O S 0 I L L A T 0 H AN D I T S 
USt: FOR OONDEN.SEH D 1 S C H A R (> F 

The basic blocking oscillator circuit of the groiindetl base mode considert^d 
by Linvill Hiul Mattson is shown in Rig. I. Jt can either be tj-iggered or free run- 
ning depending upon the value of Vr either case, tlie os( jllator possesses 

three distinct states, vi/.., the OFR, the regeneiative and the ON states. Let 
us consider a triggered oscillatoi. In the ORR state the transistor and the diodi^ 
and iion-condueting and the (uilleetor is at a potential With' 

a trjggeimg pulse .ipplied, the emitter begins to draw current. This produces 
a coUecitoT current which in turn sends a larger emit ter enrrent because of the ro- 
genejative leedbaok via the transformer T. This constitutes the regenerative 
state of the oscillator. During this period the collector potential falls steadily 
until it roaches a value At this state jOj begins to conduct and the collector 
potential is clam] 3 od to the value F^ -hole storage effect being thus eliminated. 
This lattei is the primary function of D^. 8inee the eolleetoi potential no longer 
changes aftei this state, further rogonoration is stopped and the second state is, 
therefore, complete. After this the transistor is in the third state, viz., the ON 
state. The voltage source Fg, however, tends to send through the magnetising 




Fig 2. Ulof'lcing OHOillatoi L-ircuit, 
disLilitii’ging a (ionrlonsor 


inductance of the transformer a ciiiTent that increases almost linearly with time. 
This current is in a direction opposite to that in D^. FTenee, the current through 
Di is gradually transferrerl, ns it were, to the magnetising inductanc.e until it 
becomes non- conducting again. After this tlie collector voltage begins to rise 
causing a regenerative cycle loading to a rapid transition of the oscillator towards 
the OFF state After the collector has attained the value (Fj 1 F.J tlie diode 
Z >2 prevents any further rise, thus protecting tlie transistor against a liigh reverse 
bias. The cycle of operation is then complete. The oscillator continues in the 
OFF atato till a fresh cycle is initiated by another pulse. If instead of a battery 
Fa we have a condenser C charged to V. then the same cycle as above will be 
traced upon application of a triggering pulse. 
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For the free running case, the OFF state is reached heoauso of the charges 
stored in the condenser 6V A fresh cycle starts when this has been discharged 
via Hi to an extent so as to bias the eniitter-base junction in the forxmrd direction. 

ANALYSIS OK THE T H A N S 1 S T O H B O O K I N O O S C I L L A - 
TOR OPERATION 

In the pi*esent section simple analysis of the operation of a blocking oscillator 
will be given for both the grounded base and the groundeil emitter mode of opera- 
tion. The line of treatment will follow closely that of Linvill and Mattson. We 
shall first consider the grounded base configuration. 

(a) Grounded base configuration 

The essential details of a transistor blocking oscillator operating in the grounded 
base mode is shown in Fig. 2, where 0 is the condenser to bo discharged by the 
oscillator. Didoes and perform the same functions as described already in 
the preceding section. T is the feedback transformer with a turns ratio of n . 1 . 
0 is initially charged to the potential Vq During the process of charging, the 
blocking oscillator is in the OFF state, the discharge is initiated by switching it 
into the ON-state with the help of a tiiggering pulse. Alternatively, the blocking 
oscillator may be a free-running one sillowing periodic cJiarging and discharging 
of the condenser C. It will bo convenient to consider separately the conditions 
during the regeneration and the ON-statc of the oscillator. 

(i) Oscillator at tlie regenerative or the switch-on time . At the rogonertaivo 
or the switch-on time the circuit is unstable. Linvill and Mattson assumed that 
oncie the emitter is forward-biased, the circuit behaves in an ess'Jntially linear 
maimer. Now the capacitance (7, with tlie voltage Fq across it, may be treated 
as a voltage source Fq at this instant. Analysis of this period would, therefore, 
bo the same as that given by Linvill and Mattson. The equivalent circuit given 
by them is reproduced in Fig. 3 in which the symbols have the following meanings 

C’c = collector to base capacitance, r^ = base resistance, L^, — leakage 
inductance = (1 — — magnetising inductance of the transformer, h — 
coefficient of coupling and — equivalent cuiTent generator. In this equivalent 
circuit the emitter resistance and the collector conductance have been assumed 
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Ideal transformer. 

Fig. 3. Blocking oscillator equivalent Fig. 4. Eqmvalent circuit of the blook- 

cirouit at switoh-on time. mg oscillator during the ON period. 
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to be negligible and the low frequency short circuit current unity. Further, 
both the diodes and are considered to be open circuit. 

Starting with the characteristic equation, giving the natural frequencies of 
the equivalent circuit of Fig. 3, these authors have shown tliat the magnetising 
inductance is related to the turns ratio n and the coefficient of coupling k as 

[ C^-l) + -J_ 1 . 


where x — — = the ratio between the positive real root of the characteristic 

equation of the circuit and the common base angular cut-off frequency of the 
transistor, and 



The fastest speed of operation requites the highest possible value of x. Tho 
liighest attainable value of x is, however, hmitod by the fact that must always 
bo positive. Basing arguments around this requirement Linvill and Mattson 
have given the following relation giving the value of turns ratio required for a 
given X or speed of response. 


n = n,n = 1 + 


qb_ 


( 2 ) 


For a transistor having = 100 ohms, (7c ~ 10 pf, a)j,b — 27rx 3.5x10®, eqn.(2) 
gives for x = 2 (maximum permissible for iiositive), 

5. ... (3) 

This means that with a transistor of 3.5 Mc/s cut-off frequency one can get as 
low a rise- time as O.l/t sec. by using a transformer turns ratio 5. 

(ii) Oscillator during the, ON period : After the oscillator has been switched 
on, the equivalent circuit takes the form as shown in Fig. 4 provided the effects 
of C^, La and diffusion delay are negligible. This is the same circuit as derived 
by Linvill and Mattson excepting for the inclusion of the condenser G in the arm 
containing Fq. When tho oscillator is switched on, diode Di presents a short 
circuit, Dg an open circuit and the voltage Fq appears directly across tho combi- 
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nation X'ni Applying the operational method to tlio loop containing these 

elements we have, 


£{p) = 


VqIp 

pX^ + l/7)C 


^CVo. 


1 

VL'r^ 




or, 


m = ~ 


sin 6)h 


... (4) 


where 


CO = 


JL 


The voltage waveform across the (iondonser is then given by 

J 

Fe=r„+ !L_ 

or, Vc — Vq cos (o<. 

The diode current is then obtained as 


... (5) 


( 6 ) 


V(, cos cdt 

5 = ...» 


n{r^ hri,(l 




... (7) 


The first factor on the right hand side of the equation is the emitter current at any 
instant, is then the ditfei'cncc between the ciiiTents llowing through the col- 
lector and the emitter I'elorred to the primary side of the transformei* 

When has been transferred to L^, the ON condition is terminated and the 
discharge stopped. This evidently happens when i{t) — i^. This last condition 
determines the pulse duration r. Putting I — r in cqns. (4) and (7), wo get, 



sin COT — 


Vf, cos COT 

n\r,,-[-r^,{} -a^)] 


( 


»»- 


J. 

n 


). 


or, 


tan COT = 


V 


-^irH 

0 


■ ?>[Tp+Tfc(l- ao)]t,' 


... ( 8 ) 


The voltage across C at time t is of course given by, 

F,,- FoCoscot, ... (9) 

according to eqn. (7), and the voltage swing or the amplitude of discharge by, 
A = Fo(l-- cos cot). ... (10) 
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From eqns. (8) and (10), Ave readily obtain. 


A = 




1 

r T21J 


( 11 ) 


Referring back to eqns. (8) and (9), it is clear that the inaxiinum discharge 
of 0 should be obtained if the transformer turns ratio be so chosen as to injixi- 
miso the value of tan wt. For the latter condition to be satisfied 


dn 


(tan 6 jt) = 0 


d 

dn 


I / I'm (g^a- 1) 1 _ 0 

LV 6’ ■ w‘^|^.-|-Ml--ao)] J 


giving. 

Taking, 


!. — ^^max ~ 


r = 2. 


( 12 ) 


( 13 ) 


Referring to eqns. (2) and (.3) we find that this value of n is very much different 
from that required for the speed of switching determined by the condition x = 2. 
Also, unlike the latter case, ocq is the single transistor parameter that determines 
the optimum value of n for maximum discharge of condenser. Since (Xq may be 
taken to be unity for all practical junction transistors the optimum value 
of n should be sensibly independent of the type of transistor used and is roughly 
equal to 2. 

Substituting (12) in (11), the amiilitude of discihargc for optimum turns ratio 
is found to be. 


... (14) 


It may be seen from (11) and (14), that the higher is the value of and 
lower is the transitor input resistance, the more complete is the discharge of 
of the condenser. 

(b) Grounded emitter configuration 

Analysis of the grounded emitter configuration of the blocking oscillator is 


-4 = F„ 


1 


VI* 

0 L 4 [*-,+»-j(l-a.)] J J 
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essenUalJy the Hanie as tliat for tlie grouurleil base mode. As before we shall again 
consider separately the>genorativc and the ON state of the oscillator. 



Fig. 5. Oroiinrlnd oinittor L‘quival(‘ni' 
circuit at the HWitch-on time of the 
blookiTig oscillator 1 



to) W 

Fig 6 Coin’Bpondejioe between grounded 
biiHO and grounded onutter inode of operation. 

(a) Groturdod base mode 

(b) Groundod onuttor mode. 


(i) Oscillator at the Switch-on time : The equivalent circuit for the grounded 
base (Mse at the switch ON time was given in Fig. 3. Redrawing it for the grounded 
emitter case as in Fig. 5, Ave can find the relation between oniiiter and collector 
currents, 


or, 


% — (xia ^-nia 


(15) 


Again rofoiTing to Fig. 3, if the transformer turns ratio for the grounded base 
mode is v then 

... (16) 

Since hoAvovci, for the same regeneration speed, i.e., for idejitical sivitch on time, 
i/s should be equal foi’ l)oth the gi'ounded emitter and the grounded base modes 
for a fixed it is clear by comparing eqns (15) and (16) that, 


V = (»+l) 


(17) 


In fact this same result has also been given by Tendick (1956). It states that 
for the same speed of switching the correspondence, as shown in Fig. 6, must 
exist between the grounded base and the grounded emitter modes. 

(li) Oscillator durimj the ON-period : Analysis would bo in the same lino 
as in the grounded base mode. The equivalent circuit for this case during the 
OiV-state IS as sbown in Fig. 7 in which is the grounded emitter ciin-ent gain. 
Other notations aie the same as in the grounded base mode. As before, we can 
write, 


and, 


U — 


Vn COS (lit 


n) 

»(*) ^ “*■ 


(18) 


... (4) 
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Again the pulse diiration is obtained by iiuiting t = Tg in equation (4) and (18) 
and equating the two. This gives 


■ = / _ 

* V C ' nHn-]r0.r: ’ 


the amplitude of discharge is now given by, 

A, - F„ 


... (19) 



1 


... m 

L ^ 0 L J J 



Fig. 7. Grounded emitter equivalent circuit Fig. 8. Switching on and H^vitohing oft 
during the ON-atate of the blocking oscillator. tunes of a translator. 


Usually, /?„w ^ 1 and hence eqn. (20) may be re-written as, 


- Fo 


1 - 


fn- h- f -J-.- IT 

L ^ «*c 1 J 


... ( 21 ) 


other things remaining constant the maximum discharge is obtained for a 
turns ratio determined by the condition, 


dn 


(tan OT,.) = 0 


whence we get from ean. (19), 


n = 


2 


... ( 22 ) 


Generally, /5’o»l and hence w << 1, i.e., use must be made of a step up trans- 
former. Noting that tho base is a lower impedance point than the collector 
the feedback stability with such a step-up transformer from collector to base will 
be rather unsatisfactory ajid the switching of the oscillator may therefore be quite 
uncertain. To avoid this one might choose a unity transformer ratio as the 
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limiting case for the gi’ountled emitter configuration thus sacrificing a little the 
optimum condition of operation. The result thus obtained may be compared 
with those of a grounded base configuration under optimum condition with n — 2 
in order to assess the relative excellence of the two modes as media for a condenser 
discharge. 

E F F 0 T OF DELAY ON D 1 S (J Jri A \{ ii JO 

111 the foj’egoing analysis the effect of delay was completely ignored. In a 
praidical transistor finite times are elapsed during both the switching on and 
switcliing off process These times arc of the same order of magnitude. During 
these periods r and t' the ciuTent does not remain constant but varies in the manner 
shown in JTig. 8 and voltage across the condenser is discharged by small amounts. 
A simple procedure for estimating the extent of discharge of the condenser voltage 
due to these currents would be to assume the existence of an additional cuiTent 
of magnitude equal to that of the main pulse and of duration t — the switching 
on time 

Diode cun’ont equations, however, are still valid provided that we allow for 
an additional discharge of the condenser corresponding to tins delay time 

Moll (1954) has given the following switch on times (t) for the common base 
and the common emitter configui’ations. 

Common base ■ 



a„ 


(23) 


Common emitter : 


T = .1 In 

(1 -a„)co„b 


- 0.9 - . 1, 


(24) 


where, If,, Ig are at any instant the emitter, the base and the collector currents 
respectively. 

It is obvious that in the mode of operation describi d above 


ao 


le 




1— a© 
*0 


-A- 


and 
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EquatioiiH (23) and (24) then reduce to 


2.30 ^ 0.4 

/lift 


... ( 25 ) 


r=__2-10__= O-t f261 

roMpeotively. i 

The condenser discharges by a small amount during thiLS interval and \the 
change in the condenser voltage due to this initial dischaigc is given by \ 

tor). ... (27) 

Since toT IS small, cos wt can be expanded retaining only the first two terms. 
We thus get, 


= K 0 . . 


... (28) 


Inserting the values ol ' t as given by (25) and (26), wc got, lor the common- 
base, 

... (29) 

and Ibr the common emitter, 

A, = omv„{p,^IU2. ... (30) 

For the typical values, 

== 3.5 Mc/s, 40 and L„, -= 300 /iH, G ^ OAljiiF, 

wo got from (5), (29) and () for the oommoii base mode 

^, = 4.6xlO-3F„, ... (31) 

and for the coimnon emitter mode, 

... (32) 

Eqiis. (31) and (32) indicate that the effect of delay is negligible in the case of 
common base configuration but it is not so in the common emitter case. Hence, 
adding (21) and (32) the total amplitude of discharge for the coimnon emitter 
configuration is found to be, 
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C O M P A K 1 S O N JS K T W K E N 0 O M M O N - B A S E AND COMMON- 
EMITTED C O N F 1 a C R A T I O N S 

At thiH stage it would be instrue.tivc to compare the performancea of the 
common- base and coimnon-eniitter modes of operation of tlu blocking oscillator 
as the discharge element for a condonaei . As was explained before, lor stability 
of operation — 1 for the common-emitter configuration. From eqn. (33) the 
amplitude of discliarge under the condition is found to be 



For the common-base mode the amplitude for maximum discharge is given by 
eqn. (14). Denoting this by A., we have troin (14) and (4), 


^2 



1 

f /^o ^ 

0 J 



1 

"a,; - ' in ' 

4[r,+r,(l-ao)]/ J 


Taking « 1 and 


1 OCq 


c=i /jf„, eqn. (36) is reduced to 


(35) 


1.07 - 


1 


1 - 


[ i+_Ai» f__A_ 

^ , L i'L l ro-\-iS^r , f ] ^ 

1 


[ 1 + G ) ] 


1 — 




1 - 


[ 


1 + 


:52i r ^0 


sir 


... (36) 


(37) 


which is always greater than unity. Hence, we find from eqn. (37) that, compared 
with the grounded-base configuration, a grounded-emitter blocking oscillator 
should give a wider voltage swing during the discharge of a condenser even thougli 
3 
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it oantiol lie operated under the optimum condition. From the point of view of 
voltage swing the use of this latter mode is then seen to be more advantageous 
The exact margin of advantage thus obtainable is, however, dependent on the 
value of LftijC. 

USE 0 F A F It E IC - R U N N 1 N G H LOCKING 0 S C T L L A T 0 Jt 
AND 0 E N E R A 1’ I O N O ]«' STAIRCASE W A V F 0 R M 

In the foregoing anal^'sis (-.onsidciations had been restricted to a single shot 
bloiiking oBcillatoi' For this the condensor is not fully discharged during a pulse 
but the voltage across the condenser at the end of discharge is \ 

Fc^:=F„UOSWT ... (9)| 

With the charging circuit off or Avith a charging circuit of sufficiently largo tune 
constant this voltage will be inaintamod across the condenser after the blocking 
oscillator switches to the OFF state. An interesting possibility arises if instead 
of a single shot oscillator, use is made of a free running one having a low duty 
cycle. After a time equal to the quiescent period of the blocking oscillator, the 
condenser will start discdiarging again If the condenser does not rocioive any 
approciable additional charge during this period the initial volt.igc ac^ross it lor 
this second phase of discharge would be cos cot iiisti ad of Fq This process v^ould 
repeat itself until tlie condenser has been completely discharged. In other 
words, the condenser will dischai‘ge in several stops giving rise to a staircase 
waveform. The condenser voltages F^, F.^ F„ at the end of the 1st, 2nd,..., 
r-th phase of the discharge arc given by 

Fi = Fp cos COT 

Fg = Fj 008 COT — Fp COS'* COT 

Vr = Vr-i COS COT = Fp COS ’’wT, 

SO that 

y 

j ~ cos ’’cot, 

Fo 

The number of steps required for the voltage to discharge to 10% of its initial 
value Fp is obtained from the relation 

cos '■(OT = 0.1 

or, r = — 1 /logip eoB COT. ... (40) 

EXPERIMENTAL RESULTS AND DISCUSSIONS 

In this section we would describe the results of experiments on condenser 
discharge using single shot blocking oscillators of both the ^grounded base and 


(39) 
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These are seen to agree olosely with the experimental values in columns 4. 
TABLE I 


n 

r7(/iF) 

A (volifi) 

O.A. 

G.A. 

(calculated) 

2 

0.1 

0 28 

0.028 

0 027 


0.23 

0 12 

0.028 



0.33 

0 09 

0.030 



0 47 

0.06 

0.02B 



0 R7 

0 Ofi 

0 029 



0.94 

0.03 

O.02B 



TABLE TT 

n 

a 

A 

C.A. 



(MF) 

(volts) 


(calculated) 

r» 

0.1 

0 114 

0 oil 

0.011 


0.23 

0 04.5 

0 011 



0 33 

0 030 

0 010 



0 47 

0.024 

0 on 



f).m 

0.018 

0 010 



0 94 

0 012 

0.011 



(b) Variation of amplitude with n Tt is also of interest to study the varia- 
i-ion of A with the turns ratio n for a fixed value of C. Experimental results 
obtained with 0 — OAl/iF are shown in column 3, Table IIT. Caleulated values, 
baswl on eqn. (41) and on the simplifying assumptions aj, —oc^) 

and given in the last column are in fair agreement with these results. 


TABLE T[I 


c 

{(IF) 

n 

A 

(volts) 

A (volts) 
calculated 

0 47 

6 

0.024 

0 023 


3 

0 042 

0 045 


2 

0.000 

0 057 


1 

0 

0 _ 


(ii) Common-emitter mode 

(a) Variation of amplitude ivith 0 : Experiments on the common emitter 
mode were carried out with the circuit shown in Fig. 9(6) with n — 1. Table IV, 
columns 3 and 4 give the observed and calculated values of A for different values 
of G. Calculations were made using eqn. (33), the numerical values of the various 
parameters being the same as those mentioned in Sec. 3(^) for the common-base 
mode. Again, the experimental results seem to agree closely with the calculated 
values. It may be noted that in eqn. (33) the second term under the square root 
sign is high compared to unity and hence for this case O.A. ^ a constant for fv 
given value of n. 
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TABLE IV 


c 

{(IF) 

Aiuplitudo 

(volts) 

Aiiiplitudo 

(voI(h) 

calculated 

o.2;i 

1.20 

1 17 

u 3:1 

1 .00 

0.99 

0 47 

0 87 

0.84 

0 67 

0 7G 

0 75 

0 94 

0 67 

0 .67 


(b) Variation of amplitude with n : Tabl« V gives the experimental and 
calculated results for the variation of amplitude with n for C 0.47//.^ for the 
oonxmon-emitter configuration. Calculations are again based on eqn. (33), with 
the values mentioned before Agreement between the (‘xperi mental and the 
ilieoretical values is once again very satisfactory. 


TABLE V 


a 

{liF) 

n 

A 

(volt.s) 

A (volts) 
oalculai.cd 

0 47 

1 

0.87 

0 84 


2 

0.42 

0.43 


3 

0 30 

0 33 


.6 

0.24 

0.26 


(iii) Comparison between common-emitter and common-base configurations 

To check eqn. (37), Tsbles 1 and TV were used to obtain the experimental values 
ol AJA.^ foi‘ different values of C. These values are recorded in column 2, Table 
VI. In this (501 responds to amplitude for n 1 tor the common-emitter and 



I'^ig. l()(a). Grounded baso oonfiguratiou 
of tlio ataircaHf* waveform generator 


Fig. 10(b) Grounded oniiltcr coiUiguration 
of Ibe HtamsaMo wavefoim gonorator. 


A 2 to the configuration for the optimum condition n — 2 for the common base 
configuration. Calculated values of AJA 2 , as given by eqn. (37), are shown in 
column 3, Table VI. The extent of agroemont between tlxo tAvo sets of values 
is obviously quite satisfactory. 
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TABLE VI 


c 

(fLF) 

AilAi 

nxpririnu*iU.a.t 

AilAi 

oaloulatocl 

0 23 

10 0 

9 8 

0.33 

11 1 

12.4 

0 47 

* 14 .'5 

14 .0 

0 07 

15 2 

15.0 

0.04 

19 0 

19 0 



KiK I I StiiiiTUst' wiLvcfnrn with nqiinl 


Fir 12. vStuii rnHo wavf'forin with unequal 


Fig 13 . Trailing erlgo of a atop of the 
wave! onu 111 fig, II. 


(iv) Qenemtiofi of sfmrcMse waveform 

For generation of staircase waveform Figs. 9(a) and 9(b) were modified by 
liiasing the discharging transistor !7\ in the forward direction and withdrawing 
the triggering arrangements, [Figs. 10(a) and (10(b)]. Under this condition they 
functioned as free-running oscillators. The general pattern of the condenser 
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discharge generating staircase waveform is shown in Figs. I i and 12 it is clear 
that if the discharge in a given slej) is restricted to a rather smaller value as in the 
case of Fig. 11, the successive steps becouio lairlv etjual This is to he t'Xpeiitcd 
from eqn. (3‘J) which i eipiires that for small values of wt 

Also, the ti’ailiiig end of each step should eonlorni to eqii. ((i) ami this is il- 
lustrated in Fig. 13 which is mei'ely a ntcoj-d of the wavmform shmvn in Fig. 1 1 oii 
an expanded time base. 


n () N V 1. U s T ( ) N" 

A detailed study on the ihscharge ol tondensor by a tr.insistoi’ized blocking 
oscillator has been made. The expei inieiital results have been louml to agiee 
■vy'ell with the result, of theoretical analysis From the point of view ol' voltage 
swing during discharge, a grounded -emitter mode ol opeiatioii appears to be 
satisfactory oven though it cannot be operated unrler optinuim (ioiidiUons Also, 
by referring to Figs. 0(a) and (b) it is seen that identical siieed of switching is 
obtained lor n — 1 for the grounded emitter ami a — 2 lor the grounded base 
grounded modes respectively which means that speed of operat ion is not sacrificed 
in using a emitter oscillator although it gives a greater voltage swnng. 

An incidental development of the study is the possibildy of the giaieration 
of staircase waveform with the advantage ol having adjustable number ol stops 
m a given time. This may be useful in counter circuits and in the ciuantiKation 
ol information. 
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APPENDIX 

Tlie cluirging ciT'cuit as mentioned m the text is shown inside the dotted lino 
enclosure in Figs. 9(a), 9(b), 10(a) and 10(b). It may be seen by refeiring to these 
figures that Jt is another blocking oscillator, the regeneration of which is provided 
by the transformer at the collector of the transistor '1\. The condenser G to be 
charged is placed in the emitter circuit of T^. 

On completing a discharge stroke, transistor remains quiescent so that when 
(harges the condenser C there is no loading due to Similarly, in betwo|)n 
the quiescent periods of when discharges the condenser C there is also im 
loading effect present. Thus, it follows that working of and Tg ndependent 
of each other. \ 

It may be shown from a simple analysis of the charging circuit that undor\ 
such conditions, the voltage to which the condenser C may be charged is 
given by 




uE 

n-\-\ 


(44) 


whore Vq = voltage to which 0 is charged, 

E = H.T. voltage of 

n — turns ratio of the transformer at the collector of T^- 
In our case, we choose, E — G volts and n — 1, so that Vq becomes equal to 3 
volts. 
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GAMMA-GAMMA COINCIDENCES IN 

K. BHATTACHARYYA 

Saha Jn-stitute of Nuohkah Physics, Caj,cutta. 

{Haciitved. October 3, 1962) 

ABSTRACT. Gmnma spociiiiuii and gtunnui-grunma coincidGiiiio KiiHctra moiiHurotl 
willi Nal ("I'l) Hcitniillatioii spBotromotors reveal a 770 keV level and 420, 390 koV gamma 
lays m Pdi'iri \ decay Hclieine, based on these I'osulis and the results previously obtained 
lias been projiesed. "I’heso lesulLs are essentially in agreement with the recently reijortod 
work ol Sutor ct al. 


1 N r R C) D U 0 T r 0 K 

'riic level Kchonio oi is ooiiiplicaied due to the presence of several closcly- 
lyirig excited states The high resolution /i spectre iinetcr lucasiireinents and a-y 
coincidences of iSuter et al, (1961 ) and the total absorjition y spectrometer measure- 
ments a,nd angular correlation mcasiu’ements by Bhattacharyya (1962) have 
j’cvealed many features ol the level scheme and have modifieil some of the provitius 
findings (Nuclear data sheets). The y spoctrum and the coincidence spectra have 
been studied by Raether (196S) and other workers (Hay 1x^(1, 1956), who reported 
strong coincidence pairs of 64-281, 319-331 and 654-438 koV y lays and some 
weak coincidences between 281 koV y ray and the y rays in the 300-490 
keV range. 

The piesent w^ork was undertaken to study from the y-y coincidences, the 
weakei coincidence pairs which were reported in the earlier w orks and to fit 
these findings into a level scheme. 

SOUR 0 E 

The source w^as prepared by bombarding Rh|Rh^'^“(a, 2w)Ag^"'’J in the Bir- 
mingham Cyclotron and w^as sent to us after chemical separation ol Ag from Rh. 
Hall-life measurcinents did not reveal any measurable 8.3 day Ag^®® activity. 
However, the expermiont was started about 50 days after bombardment in order 
to allow Ag*«“ activity, if any, to decay down to a negligible value. 

GAMMA-SPEGTJiA 

The y-spectra presented in Fig. 1 were recorded with a 1^^' dia, xl| thick 
Nal(Tl) tihosphor and with a li" dia. X V' thick Nal(Tl) phosphor (for low energies). 
In each case a RCA 6810A type photomultiplier with a single channel pulse height 
analyser was useil. Analysis of the y spectra of Fig. 1 yields, besides the prominent 
ones, a few weak peaks. The results are summarised in Tabic 1. The s|)e(itruni 
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o'btaint3rl with the thin ]3hoHphor dees not reveal low energy y rays other than 
the 21 keV X-rays and the 64:ke\^ one. 



PuLso hoighl. 

Pig. 1. Oamma spcclm ol PJn's. 


TABLE J 

Enoj'gies and int-eusitios of the y rays of 


(Jorroct/od Multipolarity assigned from ajc 
Gammn-onergy relative and K/L values measured 

(keV) lutensityd- 10% m n Siegbalm-Slatis 

(I) beta-spoctrometer 


(H 

67 

Ml 

115 

2 

Intensity very smoU 

100 

10 

El 

180 

3 

E2 or M2 ; E2 closer to theoretic 
value. 

230 

2 5 

Intensity very small 

280 

320 

75 

B2 

330 

Small 

E2 or M2 

341 

100 

E2 

390 

7 

Intensity veryjsmall 

420 

Small 

Intensity very small 

438 

23 

E2 

650 

32 

El 

770 

4 5 

Intensity very small 

1090 

7 

El 


GAMMA-GAMMA COINCIDENCES 

Coincidence spectra wore rec-ordod with two phosphor photomultiplier combi- 
nations fitteifl to a slow-fast coincidoiiee assenibl^^ ROA 6810A photomultipliers 
with 1 J" dia.xH" thick NaT(Tl) yihosphors were used in both the channels. A 
single ehannel analyser was used to record the coincidence spectrum. Coin- 
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ciilencoy were uieasmocl between the iiite^'ral y spectrum and (j) the til keV y ray 
(Fig. 2), (ii) the 2S0 keV y ray (Fig. 3) and (m) the 220 keV y my (Fig 4), Tin’ 
conicidonc-c resolving time svas 20 ns. 



Palso hoight. PuIho lunght 

I'^ig. 2. G'limma speotium m coincidonco Pig 3. dfutnma spoctrum in cojiicnlmic'e 

with the 04 keV gamma ray with the 280 keV gumma ray. 

The spectrum of fig. 2 shows a prominent peak at 280 koV. The other 
small peaks are mainly due to the various (uuiicjdemios with the compton (bstri- 
butions near the 04 keV region. However, this spectrum sliows a somowliat 
larger peak at KiO keV. Thus 04 keV y ray is in casc.ade with 280 koV and pro- 
bably with the weak 1 60 keV y ray . The speid-ruiu of fig .2 supports the exis- 
tence of tlie strong 04-280 keV cascade and shows weak but definite peaks at 
390 and 420 keV. The peak at 160 keV in this spectrum as well as in fig. 2 
indicates the existence of a 100-04-280 keV cascade. 

In measuring the spectrum of Fig 4, the channel selecting the 320 keV y 
rays was wide enough to admit the strong 280 keV and 345 keV y rays partially 
and the weak 330 keV fully. The peaks at 04, 160 (not separate from a 185 keV 
peak), 390 and 420 keV, are due to coincidence with 280 keV y ray. The composite 
peak arising from 320-330 keV cascade is seen in the spectrum. The broad peak 
near 180 keV is due to both 160 and 185 keV y rays. The 185 keV radiation 
may then bo probably in coincidence with the 320 and 330 keV y rays. Howevei’, 
the possibility of existence of the 185-300 keV cascade (Nucloai’ data sluiets) instead 
of the above one, cannot be ignored on the basis of y-y fioincidences only. 

DISCUSSION ON THE DECAY - SC HE ME 

With reference to the results discussed above and those reported earlier the 
decay scheme of fig. 5 has been drawn. 
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No cjoincidentios were found with the 1090 keV y ray. The total abfiorp- 
tion Hjaiotruni (Bhattacharyya, 1962) suggeats that the 1090 keV is the highest 
cxeited state of deiiaymg partially (~20%) to the ground state The decay 
of this state pro(;eeds predominantly through the 642-438 keV (jascado ('^OOyo) 
and a weaker 420-390-280 keV triple cascade (-^20%). 



Pulae hoight 

Fig 4. Gamma speotram in coincidence 
with ilie 320 keV gaininii ray. 



Fig 5 Proposed decay -scheme of Agio 


From the angular correlation of 652-438 keV cascade and from the fact tliat 
1090 keV iH an El transition, the spin-parity of this state is found to be 3/2“ which, 
however, is not supported by the first forbidden nature of the capture transition 
to this state. 


A 765 keV y ray reported by McGowan (Nuclear data sheets) was also found 
in the present work. The 770-320 keV cascade in may possibly be. identi- 

fied Avitli the 743-344 koV cascade reported by 8uter ri al. (1^61). 

None of the 642 and the 438 keV y rays was found to have any coincidence with 
any otlicr y ray, except between themselves. Table I shows that the 650 keV 
y intensity is higher than that of the 438 keV. This seems to point out that there 
is a level near 650 keV which decays partly through a direct transition to the ground 
state. With the help of the decay scheme of Raether (1958) and our coincidence 
spectra, it can be seen that the 670 and 660 keV states decay through 390-280 
keV and 330-320 keV cascaties respectively- In absence of any broadening of the 
peak (Fig. 1) at 650 keV on the higher energy side, it can be concluded that there 
18 no direct transition from the 670 keV level to the ground state. The 438 keV 
state IS only fed from the 1090 keV state through the emission of the 650 keV 
y ray as there is no evidence of a direct electron capture decay to this state. It 
is known that this 438 keV y ray is emitted from a 438 keV state by, an E2 transi- 
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Sion from the cimJomh-oxfiitatioii experiiuenis (Tommer ft. al,, U)5(i) Vtiluos of 
internal conversion co-efiicieiits and lesults of angular correlation support a 
3/2(El) 3/2(E2) 5/2 transition for the (152-438 keV cascafle. Kl nature of the 
101)0 keV transition also supports this view. 

The existence of a 310 keV level of is known from a. 5% branching 

(Nmileai' data sheets) from Rh^"^. If m'c also postulate the existence of a level 
at 320 keV, then the 330-320 keV cascade seems to originate from the 650 keV 
level. Angular correlation data indicate spin values of 3/2 and 7/2 to the 650 
and 320 kcV levels with botli members of the casc.ade as (]uadui])ole TJie lu'st 
forbidden nature of the capture tTansition from to the 650 keV level of 
supports an even parity assignment. The 650 koV level can therefore be assigned 
spin parity 3/2 L 

The 505 keV state obtained by c-apture feeding, de-exc.ites by emitting a 160 
keV y ray followed by a 345 keV y ray. Probably, there is no direct transition 
to the ground staUi. The 345 keV state is also very strongly fed by capture. 
The cnhaiKied intensity of the 280 koV respect to the 64 keV 

(J,j4 — 67) can be explained by adding the intensity of the 390 keV — 7) to the 
intensity of (he 64 keV y ray Since the 345 keV and the 280 keV transitions are 
E2 and the 64 is Ml the spin-parties of the 280 anrl 345 keV states are 5/2+ and 
3/2+ respectively, and sinc.e the 160 keV transition is assigned as El , the 505 koV 
state s(‘cmH to have a spin-parity 5/2”. The lirst-forbiddoii captuie decay, how- 
ever, reipiiri's this state to be of even parity. 

We have not (;om<' aevoss any litei'ature in which the decay properties of Ag^”** 
has been discussed 111 terms of a model. Mlie observed properties ol the levels of 
PiP”''* cannot be adeijuately explained by considering the neut-rons in different 
states of seniority unless explicit calculations are done 

The reduced transition probability B(E2) for the 266 keV state (identihed 
as 280 keV in our case) has been measured (Tenimer fl al , 1956) to be 70 times 
faster than the single particle estimate, while the 433 keV (438 m our mcasiu’o- 
ment) is 25 times fa.ster. The explanation of the level characteristics may 
require the introduction of particle and vibrational type of exisitation for 
this nucleus. 
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A CIRCUIT FOR A SELF-STROBED READING METHOD 
IN MAGNETIC DRUM DIGITAL STORES 

D. UUTTA MAJUMDAH and H. BISWAK 

iNuiAisr Statjs'J'K’Al Institute 
Calcu’jta 

{Rccemd J'un<\ 4, 19()2) 

ABSTRACT A motliod thai. provjdos iw^juratoly limed ouipul jiulsos that do iioIj 
require clock pulses toi Ihou* idouldioation is doscrilied. The deluilod circuil Lkagrum used 
m association with bho pailicular Magnetic Dituu Memory is presontctl. 1'he method is simple 
and elegant and Is lolativoly mserisit-ive to noise pulses in comjiaiiBon with other methods. 

1 M T R O I) U 1) T i O N 

Woll-kiiowii [ihysiciil principles involved in aiidio roiioiding on magnetic 
suiiiiee have offered a very «ucccsk1ii1 method of storing digital data aial instructions 
in all InfoT'jiiation Proiiessing systems (Booth, 11149). A comprehensive investi- 
gation was uiidertLiken by one of the authors (Dutta Mapimdar, 1959) on dilferenii 
aspeiits ol design, development and applications of magnetic drum digital storage 
systems in this Laboratory (Eleetronies Research Laboratory of 1 S.L). The present 
circuit M'as designed, constructed and exjierniientefl vvilh the magiietjc drum 
store designed and built here (Dutta Majuiiidar, ’(>1) 

In drum stores it is customary to divide the magnetic surtac<‘ into the- cells 
ca-ch having a linitc area. Voy recording binaiy information, the pulse cuiTcnts 
ol ajqiropnatc polarity are fed into a coil wound on a magnetic core wliic.h is a-lmost 
magnetically complete except for a small airgap in the vicinity ol the recording 
medium which is moved relative to this head. Either state ol a binary rligit is 
defined by the magriotic configuration ol the coll. When the medium is moved 
relative to a piek-up head in close proximity of the digit cell, the tiiixes associal-ed 
witli the digit cell will take up the minimum roluctaiuje path along the pick-up 
head, and a voltage will be developed acroH.s the windings in the head approxi- 
mately proportional to the time and space derivatives ol the stored flux-pattern. 
The nature of the voltage wave form will give a clear indication ol the state ol mag- 
netization of the mediiun. Diflercnt methods ol recoi’ding and reproduction of 
digits are treated in text books (Booth, A.E., Wilkes, M. V. etc) in detail. 

A Keading-Writting lurcuit for Return to Zero (RZ) method was described 
cai'lier (Dutta Majumdar, 1958) in coiineetion with a track switching circuit. 
There the output of the read amplifier enters the strobing circuit whore it is inter- 
Iireted, That is, the read output wave form is examined at the second peak ol 
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the differential flux W'^aveform by means of a set of very sharp pulses called 
strobing pulses derived from clock pulses. In this paper a reading method and 
the corresponding circuit is described in which accuiately timed output pulses 
are obtained that do not require clock-pulses for their identification 

S IS L F- S T R O J3 E D READING METHOD 

The method consists in inverting and delaying the output waveform and then 
combining it with the original waveform in a gate or AND circuit In Fig. 
1(a) the writing current waveform which is similar to that of IIZ method is shown, 



1 Sell -Rtrobetl readuig method, 

and the corresponding output voltage waveform is indicated in Fig. 1(b). At 
this point it should be noted that the point at which the outjmt signal crosses thc 
axis from the positive to the negative side is an accurate imlication of the location 
of the stored 1’ In Fig. 1(c) the output waveform is duplicated twice, where it 
IS shoMii after an inversion in one case and after a siuall amount of delay iii the 
other case. Tf these waveforms are applied to an AND’ gate that is responsive 
to voltage ol positive ]iolanty, shaip pulses as mdicat-ed by the darkened areas 
at the intersection of these two waveforms will be obtained. These pulses when 
properly ampliliod represent the stored binary infoimation. 

D E S C’ R 1 P T 1 0 N OF TEE CIRCUIT 

A functional block diagiam of the circuit is shown in Fig. 2, and the actual 
circuit (liagiani is shown in Fig. The output from the magnetic head is fed to 



Fig. 2 f\inrtiorjiil lilock diagram of tho self-strobod reading method. 

a conventional R- C coupled amplifier. The amplified output is fed to two split 
load inverters, one being fed direct, and the other thi'ough a delay line. 



A Circuit for a Self-Strobed Reading Method, etc. 217 




3. tJircmt diagram of the aolf-strobeil readmg ciroiul. 


Ill this circuit the delay incorporated was about 3 MS which is about half the dura- 
tion of the sharp (ientral region of the head-output waveform. The invertors 
have equal loads on plate and cathode, so that we have at the lour points, 



Fig. 4 Waveform, Direct, Inverted, Delayed direct and Delayed Inverted. 

Kj, p 2 > waveforms which are respectively direct, inverted, delayed direct 

and delayed inverted replicas of the head output waveform (Pig. 4). The 
outputs from P^ and Kg, and Pg and are respectively fed to two AND gates 
(which are OR gates for negative inputs). The resulting outputs form the 
two gates are applied to two diode limiters which block the -ve parts of the 
incoming signal and pass only the positive parts. The outputs of the limiters are 
fed to the two grids of a difference amplifier At the output of the difference 
amplifier, with this circuit arrangement sharp positive pulses for 1” and sharp 
5 
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jjof^ativo piilspK lor “0” are obiaiiicfl (Fig. 5 two photographs are shown.) If 
jnslead of two ehaniiols before the 'AND’ gates only one (ihannel is used, there 
can be only sharj) self-strobed positive pulses for ‘1 ’s, whereas those for ‘0’ s will be 



Fig. 5(a) Holf-afcrobefl sharp positive pulse lor (b) sharp negatwe pulso foj‘ a “Zero” . 
a “one”. 


absent. The present oireint was designed for the iiariiculav hiuul output pulses 
amplitude (about 0.75 volts), and for a partieular Drum Speed (about 0000 r.p.m.). 
With the variation of these and other requirements the circuit constants will be 
different, but the general scheme can remain same. By selecting the delay and 
the associated circuit constants a iminpromise is to bo made between tlie amplitude 
of the signal through ihe gate and the accurac3^ m locating the cross over point. 
Another advantage of this sensing method is its relative insonsivity to noise 
pulses. 
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DETECTION OF INVARIANCE, TOTAL SYMMETRY AND 
PARTIAL SYMMETRY OF SWITCHING FUNCTIONS 
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ABSTRACT. Tho jjtipor suggestn a moUiorl of uloniiriral/ion of total or par(>ial syiii" 
metry of a awitrliing function Imaod on the applicai.ion of the principle of residue test. The 
invoTianco of a switching function under a single ponnutatioii of two variables can bo readily 
dcteritod from a knowledge ol the oqviahty of some of the rosulueH of expansion about those 
two variables. This procedure ol ideiitijfying invariance under a single interchange of two 
variables is then directly exi-ended and applied for the identification of total or par- 
tial symmetry of a switching (unction, the variables of symmefciy of which may be either all 
unpriined, all primed or of mixed nature The method claims the additional advantage ol 
giving all the relevant infoiinations regarding the various iiltornnlavo reprosenlntions of sym- 
metriea of a switching fimctiori with the corresponding a-niunbers 

INTRODUCTION 

A Rwifehiiig fiinotiou of w variables whioli iniglit be either all iinprinied, 
all primed or mixed in said to possess total symmetry in these varia})leR if any 
iiiLertdiange of the vai iahlcs leaves the function identically tlie same, i e.. invariant., 
A switching function whiidi remains invariant under any interchange of variables 
which also might be all unprimed, all primed or mixed, belonging to a subsot of 
the set of 71 variables is said to exhibit partial symmetry in these variables of the 
subset Importance of detection and recognition of total or partial symmetry 
associated with a switching furuition lies in the method of special economical 
synthesis procedure for the realisation of such functions (Shannon, 1938 and 
1949; Washburn, 1949, Keister, Kitchic and Washburn, 1951; G Epstein, 1958). 

Methods have been suggested by several authors for the detection of total 
symmetries of switching functions (Caldwell, 1954; Marcus, 1956; McCluskey, 
Jr., 1956; T. Singer, 1957; Choudhury and Basu, 1962; Mukhopadhay, 1962). 
The method described by Caldwell consists in detecting and recognising total 
symmetry of switching functions by observing certain dehnite patterns in an 
extended Karnaugh map (Veitch, 1952; Karnaugh, 1953). The chief disadvan- 
tage of this method is that for functions of variables exceeding four, the recogni- 
tion of symmetries becomes quite difficult. The methods ot detection as suggested, 
by Marcus and McCluskey can be applied to switching functions of any number 
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of variables. Biii these metliods do not give any suggestion as to the various 
alternative fonus of representation of symmetries with the coirosponfling 
fi-nuuibei s of a given switching function. Sirigei- suggested the use of a set 
of docomposition charts (or “symmetry charts” as he called them) for the 
detection of total or partial symmetry of switching functions under all permuta- 
tions of switching variables. 

This detection of invariant patterns on the decomposition charts as suggested 
by kSingcr is analogous to the recognition of the properties of the residues 
of expansion of the given switching function about the row variables or 
colimin vaiiables. The invariance of a switching function under a single inter- 
change of two variables is readily detected from the equality of the definite groups 
of residues of expansion about these two variables. The xiurpose of the present 
paper is to suggest and develop a method baaed on the residue test of Boolean 
functions liy numerical methods (Mullin and Kellner, 1955) for the detection 
of all types of symmetries of switching functions. To detect total symmetry 
we require only comparison of residues of expansion associated with n expan- 
sions. These expansions will also give us all the alternative forms of re- 
presentation oi sjmimetries of the function with the corresyioiiding a-nuinbcrs. 
By utilising this principle of expansion and comparison of the residues of expansion 
for equality by numerical methods, the partial symmetry of a switching function 
with respect to the variables which might bo all unprimed, all primed or mixed, 
can also be detected. Alternative represontaiions of partial symmetries, if any, 
can be found out by this same method. 

INVARIANCE OF A SWIT CHINO FUNCTION UNDER 

A SINGLE TNT ]CR CHANGE OF TWO VARIABLES 

Any switching function F{Xn-i, a:„_ 2 , .... binaiy variables 

ajp, when expanded about any two variables, let us say, and can bo 
written as 

^ a ;„-2 ^3 ■ ■ ■ ( 1 ) 

where and iJg arc the residual functions of expansions of (n— 2) 

variables, not including and x„_z. 

From equation (1) it is seen that for the function F{Xn-i, Xn-~ 2 > a^p) to rrmain 
invariant under different permutation and negation operations of the two variables 
a^n-i and following conditions must be satisfied : 

(i) When both the variables and a;„_a are unprimed, for invariance 

under single permutation, = Rz- 

(ii) When both the variables and are primed, for invariance 

under single permutation, R^ — R^. 
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(iii) Wlien one ol the variables is primcfl and the oUier nnpriniod, that is, 
wdien is pi’iniod and Xf,_^ is iinprinied or is iinpriined and .r „_3 is primed, 
tlion for mvananco under peimiiUtion, R^, i.e , all the four 

residues of expansion are identical. When this last condition is satisfied, it is 
implied that conditions (i) and (n) are necessarily satisfied, and .'r„_] and .r^^, 
can be eliniinatod from the expression of the function. 

Therefore in order to detect the inviirianco of a sM'itching function under a 
single interchange of two variables (the variables being either both primed, both 
unprimed or mixed) we need only expand the function about these two variables 
and comjiare the different residues of expansion for equality. This expansion 
and subsequent comparison of the residues of expansion to detect invariance can 
be done very effectively'^ by utilising the method of residue test a.s appliorl to Boolean 
functions expressed in decimal mode. 

When the residue test is applied to a transmission function expressed as a 
standard sum it is merely necessary to carry out a process of factoring in order to 
find the residues Taking a function F — (a-'jjjjgic'ja'u-l- | 

-\ a-jj; 2 ^’i-'^o)’ ‘ipply th^ residue tests to the variable, we may perform the ex- 
jiaiision by factoring out and x\ to obtain -- I ■'*'' 3 '^''i^'oH"'*’ 3 ^i‘®o) 

-1 a''a(.t3.ria;o) 

In order to evaluate the rosidues of expansion about any variable of a given 
switching function by numerical methods, wo are to knov' for the given binary 
digit position in the binary numbei roprosontation of the function Avliothor the 
digit IS a zero oi an one, corresponding to the primed and nnprimed literal in the 
algebraic, expression and then to groui> the terms to form “I” residue and “0” 
residue. 

This can be done very easily if we note that as in a decimal numfier shifting 
of decimal iioint one digit position to the left is equivalent to dividing the number 
by 10, so also shifting of binary point one digit position to the left is equivalent to 
the division of the binary nimiber by 2 Taking a binary number 111 101 whose 
decimal equivalent is 61 and which might bo thought to rcjiresent one of the terms 
in a standard sum expression of a. given switching function, if we now want to 
knoAV whether the third digit from the left in this particular binary miniber is 
a 0 or an 1, Avithout actually writing the same but from a knowledge of its 
decimal counterpart, vhat wo should do in fact is as follows (Mullin and 
Kellner, 1955). 

Let us take the binary luiinber 111101 and putting a binary point after the 
third digit from the left, Avrite it as 111.101, decimal equivalent of which is 

22+21+2»+2-i-|- 2-» = 4+2H H-l/2H’l/8 = 7| ... (2) 


Thus we see that by putting the binary point at the position mentioned, we have 
practically divided the original binary number by 2® or its equivalent decimal 



222 


Sitnil Banjan Das 


value 61 by S. Biacardiug all the binary rligitfi to the right of the binary point 
^ve iK)\v obtain 111 Avhieh is equivalent to the deeimal number 7, an integer which 
can bo obtained independently from the number 7^ by discarding the fractional 
yiart 5/S. This integral part of the decimal quotient 7| i)r 7 is an odd nunibor, 
a facd which goes to imply that the right hand digit of its binary equivalent (111) 
is unity. If the whole number part of the quotient had been even, the digit at 
the extjeine right of the equivalent binary number would have been zero. 

From this analysis, the general procedure for identilying a primed or an 
unprimed literal in a. tcim of the standard sum expression (which is the same as 
to know whether the digit which represents it in the equivalent binary form is a 
0 or an 1 ) of a switching fiiiictioii may he stated thus : We should divide the binary 
number ccjuivalcmti of the term by that power of 2 which places the binary point 
to the right of the digii. whose identity is to be disclosed, an operation which is 
th(5 same as to divide tke decimal counterpart of the same binary number by that 
same power of 2 and to note whether the integral part of the decimal (piotient 
obtained the/eby is an oven or an odd integer, an even integer denoting a primed 
and an odd integer an uniirimed literal. 


To illustrate the princ-iple, let us take an example 

F{x^, Xj, x^) = 6, 8, 12) (3) 

To apply the residue tost to the X 2 variable wo see that in the binary numb“r 
representation of the function, the binary point should be shifted two digit yiosi- 
tions to the left which requires that its decimal oountorpart ho divided by 4. 
Thus dividing by 4, the result-s obtained for different terms of the transmission 
ni'e ■ 

— 1-f-, odd; ^ — H , odd; ^ — 2+, even; and == 3-f-, odd. 

4 4 4 4 

Hence Ihe residues can bo written by grouping the decimal numhoi's, as 

F(x 3 , x^, Xj, a:,,) = a;a(4, 6, 12)-f a:'2(8) ... (4) 

Now considering the decimal integers 12 and 8, we note that for the number 12 
represented by the hinai y mimher 1 100, the x^ litoral may he factored out by writing 
]2->a;2(l - 00) and for the number 8 represented by 1000, the x'.^ literal may be 
taken out to indicate by writing 8->a;'2(l— 00), thereby showing the x.^ and x '2 
residues to be identical. 

This equality of the residues of expansion can also be shown directly if we 
note that the residues of the binary numbers 1100 and 1000 would also remain 
equal if we would replace the “0” in ffie X 2 position of 1000 by “1” and expand 
both of them about the x^ literal. This replacement of “0” by “1” In the a?a position 
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of fOOO is identical with the iiddition of 2^ to the binary number 1000 or 4 to its 
equivalent decmnal mnnbor So in the expansion given by 

F :r2(4, 6, 1 2)4 

Me get, by adding 4 to S, in place of wlu(;li gives an easy May of iden- 

tilying whether the lesidue is equal to or contained in the residue TJie 
presence of the same term 12 in both the .Tj, and residues proves that when 
IS factored oul of tlv algebraic or binary eijuivalent of the number 12 and x\ 
from that of the number 8(by addition of 4 to winch wo obtain the seiiond 12 
in tins case) M'hat remains in the brac.kcd. (1-00) is the same in both the cases. 

By tlie application of the above principle, expansion about, any innnber of 
variables can be obtained, first cxjDandiug the function about one of the variables, 
then expanding the residues of first expansion about another variable and so on 
and lastly the residues can bo modified by adding appropriate decimal numbors 
to the respective residue groups to test for equality. 

Let us now apply this principle of expansion and coinpanson of residue groups 
to test the invariance of a switching function under single permutation of two 
variables. 

Exttmjjle : 

The sMutehing function .r,. .i*J — S(l, 2, fi, G, S, 11, 12, IG) is 

invariant under the folloM'ing x>crmutation and permutution and negation 
operations : 


(a) (b) (c) a;3~,i;u, (d) 

and (c) (f) where the sign means ‘interchanged with’ This 

can be shoMui from the expansion of the function about these different iiairs of 
vaiiablcs and comparing the different residue groujis as given below. 

F = ,1:3(8, 11 , 12, l5)+a:'3(l, 2, 5, G) 

- .'r3:ri(ll, 12)+a:>i(2, G)+a:'3 x\{l, 5). 

On modification, the different residue groups become 

x^x^iU, 16), x^x\{i{), 14), a;>i(10, 14), 15) 

w^hich shows that the residual functions associated with ^ and .r-j are equal 
(i.e., == 112 ) well as those associated with a;3a!:^ and x gX, ^ (i.e., = i^g), 

This means that the function possesses invariance loi' 


(a) and (b) 
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Similarly, expanding the function about x^Xq and and modifying the residue 
groups give 

0:33:0(11, 15), x^x\{^, 13), x\xq{^, 13), a:'3a:'o(ll, 16) 
and a:j^Xo(l 1 , 15), XjX 0(^1 *7), x ]^o:o(i'l, T), 0: jO: o(ll) 15) 

■\vhi( h Hhov^ that the function is invariant for (c) o:3~a:o and (d) 3:'3->-'3:'o, and (0) 
— '^0 (0 shall next discuss some further properties associated 

with the equality of the residual functions of expansion The total or partiiil 
symnietiy of switching functions will be detected on the basis of these results.! 

If in an w varialile switching function F{x.^^^, x „_2 0:0), expansion aboiitl 

the ]iair of variables a:„ ,i, a:„-_2 and comparison of the residual functions of expan-\ 
Sion show that it not only means that the function is invariant for 

permuted with but it also moans that all the functions derived from the 
given fuTKition by ajiplying {n- 2)1 transformations (negation and permutation 
operations associated with n — 2 variables) to the remaining {n~2) variables will 
also continue to remain invariant. This is because any transformation applied to 
these (n—2) variables will alter the residual functions identically so that Ej and 
E^ will still remain identical. The same will be the ease for a:',,.., pernTuted with 
w-2 ii5(, — E^. Further if in the oxiiansion of the switching function about 

x„_i and Xfi- 2 ^ the residual functions Ej — E^ this also will not only mean that the 
function IK invariant for ^ but also the function derived from the given 

function by priming both and x „_2 will continue tor emain invariant when 

x'„_i<>^x '„_27 invariance is unaffected by the application of any trans- 

formation to the set of (n—2) residual variables. Likewise, when the residual 
functions E„ ^ E^ it also not only means that the function is invariant for 

but also the function obtained from the given function by priming either 
iVn-i a will also continue to remain invariant when or 

3;'„_g as the ease may be, invariance being of course unaffected by any transfor- 
mation applied to the grouji of (n— 2) residual variables (Mukhopadhyay, 1962). 
These I'esults may be summarised thus : ^ 


(i) IfE.^E^, 



'^71- 2> ■■ 

■> ^0) = ^n-i'^^n-3 

... (5) 

and 

»n-2> •• 

., Xq) ^ 

... (6) 

Also 

F{x'n-i, a:'„_2, . 

^0) ^ »— 1*”^^ ?i— 2 

... (7) 

and 

n-27 ■ 

, 3:q) ^ X M_2 

... (8) 

00 

11 Eq — E^, 

F(X n_j, ■ 

. Xq) = 

... (0) 

and 

^n-2) ■ • 

. ■ , Xq) =- X ‘ 

... (10) 
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and also 

F{Xn_^, 3:'„_3, .. 

, 3:„) ^ 3-„_4-^3.-'„„2 

(11) 

and 


■ :*()) = ~ .r 

(12) 

where in 

the above 




‘ = ’ donotos invaviaiice under tiansfoviiiation, 

and ^7 denotes different functions obtained by applying; (a — 2)!2““^ transforma- 
tions amongst tlie {n—2) residual variables. 

D E T E CVn O N OP T O T A J. K Y M M E T Li Y 

To detect total syinmctry t»l a switebing lunction, it is not neiiessary to test 
invariance of the function under every int'^ichange of two variables, it is sufficient 
to test the invariance of the function Jbr ii interchanges ol tv o variables (for an 
n variable switching function) where the sets oi variables form a closed chain. 
Fot example, if an n vai lable sAvitching function .ri,) 

IS invariant under the permutations a?n-i •^o'^-^h-i 

then the function is also invariant for any intermediate permutation j;,, 
ip / Q) hence totally symmetric because any intormcfhate permutation can 
be generated from the above sets of cyclic permutations ((ffiatforjee, 1957). 
The aggregate nf n expansions about the pairs of variables (x,i j, a;,, ^2)' 

(^iJ •*’o)j i^iay be called the sot of cyclic expansions and will 

bo utilised to detect total symmetry associated with a sv itching function as illus- 
tuitod below. 

Examjile ; 

To show whether the five variable switching lunction given by 

F{.Vi, 0:3, a^2, .rj =- S(0, 1, 3, 4, 0, 7, S ,lb, Jl, 14, 17, 20, 21, 

23,24,25,27,28,30,31) ... (13) 

possesses total symmetry. 

Taking the function, it is cyclically expanded. Wo have (1) from expansion 
about 

F = 0:4(17, 20, 21, 23, 24, 25, 27, 28, 30, 31) [ 
a:'4(0, 1, 3, 4, 6, 7, 8, 10, 11, 14) 

== 0:43:3(24, 25, 27, 28 ,30, 31) -h3:4a'3(17, 20, 21, 23)-] 3;>3(8, 10, 11, 14) 
d-3:'43:'3(0, I, 3, 4, 6, 7). 

On modiheation, the above residues become 

3:43:3(24, 26, 27, 28, 30, 31), 3:43;'3(26, 28, 29, 31), 

3;'43:g(24, 26, 27, 30), 3:'43*'3(24, 25, 27, 28, 30, 31) 


0 
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wherefrom it ajipears that Rq = R^. 



.'. } (x* 4, Xjf, x,^, x^. 

^0) ^ 4 *3 

... (14) 

and 

ri F{x\, ^2, x^ 

1 

111 

... (15) 

Also 

F{Xi, x'a, *2, x^. 

^0) — **4 ^ 3 

... (16) 


and T; F{x^, x'.^, x'^ ... (17) 

(2) from expansujn about x^x.^, 

F = ;r,r^(l4, 2S, SO, 31)H X3a:'2(8, 10, 11, 24, 25, 27)4 6, 7, 20, 21, 23) 

17). 

On modification, these residueH become 

28, 30, 31), x^£\,{\2, 14, 15, 28. 29. 31), xVx2(l2, 14, 15, 28, 29, 31), 
x>' 2(12, 13, 15, 29) 
whei^from it- appears that R^^ = R.^. 

fJence ^ F{x-^, ^^2. ^4> ^o) ~ ^3 ■’* (^®) 

and T F{x'y^, x\, x^, .r^, x^) -:= x'^ ~ x/.^ . ■ . (19) 

(3) from expaiiisioii about 

F - 7, 14, 23, 30, 31) -|- X2x\{4:, 20, 21, 28) 

-f lA, 27)4-a;2Vi(0, 1, 8, 17, 24, 25). 

Modifying the residues we have 

' x.^xj{fi, 7. 14, 23, 30, 31), 22, 23, 30), 

xVci(7, 14, 15, 31), 7, 14, 23, 30, 31) 

w'hich shows that R^ — R^. 

.-. F{x'2, Xi, x^, xg, *0) == x'2 *1 ( 2 ^^) 

and 7 F^x^, x\, x^, x^, a;„) = x\ ' (21) 
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(4) front expansion about 

F ^ a:,a;„(3, 7. II, 23, 27, 31) f U), 14. 30)+.r>o(l- I". 2r>) 

I 4, 8. 20. 24, 2S). 


On modification, these residues become 

7, IJ, 23, 27, 31), 11, 15, 31), a*\.Co(3, 19, 23, 27), 

a:>'„(3, 7, 11,23, 27,31) 
which shows that — R^. 

T F{x'j, a-o, rr^, rr^^, x^) ^ x\ «- :r„ ... (22) 

and ’’j F{xi. x\, x^, .r^, .Tg) = Xj ~ .r'„ ... ^23) 

(5) and lastly from expansion about 

F - v„(17, 21, 23, 25, 27, 31)-( a:4a:'„(20, 24, 28, 30) l-.rV'K„(l, 3, 7,11) 

4, 6, 8, 10, 14). 


On morlification. wo have 

;c4a;„(17, 21, 23, 25, 27. 31), a-XolSl . 25, 29, 31), 

19, 23, 27), 21, 23, 25, 27, 31) 

which shows that 12^ — R^. 

7 F{x\, x^, X3, Xz, a*i) = .r'4 a:,, ... (24) 

and 7 Fix^. x\, x.^, x^, .r^) -- .1:4 x\, ... (25) 

Combining equations (17, (19), (20), (23), and (25) we have 

F{x^, x'^t x' 2 , ^ 1 , 'Fq) ^ x^-^ x'^, ic'a ^ a^'g, a^'g Xj x\^ and x'q ^ x^ 

So the function is totally symmetric and the variables of symmetry arc x^, x\, Xg', 
Xi, x'q. a-numbers of the function can be found by vTiting the function in the 
Truth Table form and double negating the columns under a:,, Xg, and x„. This 
matrix must have sufficient row sum occurrences, oth^^rwise the chain of cyclic 
permutations could not have been complete (M. P Marcus, 1956). 

The above matrix shows that the function can be written as 


^ ^ 2' ^1’ ® o)- 
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TABLE 1 


X4 

Xa 

X'i 

Xi 

Xfi 

X4 x'a 

xb 

Xi 

x'o 

Number of ones 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

» 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

2 

0 

0 

0 

1 

1 

0 

1 

1 

1 

0 

3 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

2 

0 

0 

1 

1 

0 

0 

1 

0 

1 

1 

3 

0 

0 

1 

1 

1 

0 

1 

0 

1 

0 

2 

u 

1 

0 

0 

0 

0 

0 

1 

0 

1 

2 

0 

1 

0 

1 

0 

0 

0 

1 

1 

1 

3 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

2 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

2 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 

3 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

3 

1 

0 

1 

0 

1 

1 

1 

0 

0 

0 

2 

1 

0 

1 

1 

1 

1 

1 

0 

1 

0 

3 

1 

1 

0 

0 

0 

1 

0 

1 

0 

1 

3 

1 

1 

0 

0 

1 

1 

0 

1 

0 

0 

2 

1 

1 

0 

1 

1 

1 

0 

] 

1 

0 

3 

1 

1 

1 

0 

0 

1 

0 

0 

0 

1 

2 

1 

1 

1 

1 

0 

1 

0 

0 

1 

1 

3 

1 


1 

1 


1 

0 

0 

1 

0 

2 


Matio of the number of onen to 10 10 10 10 10 


number of zeros . 10 10 10 10 10 

Riniiliirly, oonibining the sots of equations (15). (18), (21), (22) and (24) the funo- 
tion ran bo i don tilled as 

^3’ ^2’ ^’o)- 

To find tho variables of symmetry associated with a symmetric switching function 
from the set of cyclic permutations and hence to find all the alternative represen- 
tations of symmetries of the given switching function, the general procedure may 
be outlined by taking the example of equation (13) and using the following sets of 
relations. 


Ri < — > — aja, *'3 .r' 

Rq = R^ 4 — ► x'2 ajj, x' 

Rq ~ iZg < ► x\ ~ Xq, x^ ~ x' 

R^ = R^ i ^ x'q ~ x^, Xq x\ 
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To start with, we shall take any literal, preferably one with the highest value of th(* 
subseript jo, both primed and uiifinmcd and thou assoiiuito them vuth literals with 
which they are connected by ’ signs Fn the above case, and are connected 
with r'a and .x., respectively. Similarly, -i/;, and are connected with *1^(1 x.. 




dip 1. Posaiblo closed paths mdicuting possible variables of symmetry. 

rospecitively and so on we proijeed until we end on the literals with which Ave 
started. The literals that ocr.in in any closed ])ath ivill give a set ol variables 
of symmetry Thus, for the above example, thoio (am be traced two and only 
tM'o closed paths associated Avith the two possible reijreseiiiations of the fiinc- 
lions as given (mrlier (h'lg. 1 ). 

DETECTION OF P A 11 T I A D HYMMETKY 

"IVi detect and identify partial symmetry of a switching function, we should 
look for the invariance of the function under any interchange of the variables 
belonging to a subset of the set ol variables. The chain of cyidic permutations 
will be complete with these variables of the subset, the variables being either all 
iinprimed, or all primed or of mixed tyiie Hence, in this case depending on the 
nature of the problem, complete vset of expansions about two variables might 
be reipiired. lj(^t us take an example to illustrate tin* method 

E:rnm,'ple . 

Find the partial symmetry associated with the function 

F{x^, Xi, X,) - 2;(0, 1, 8, 4, b, 7, 9, 10, 12, 15) (26) 

Taking the function, sots of expansions are done. We have 
(i) from expansion about x^X2, 

F = a;3(9, 10, 12, 15)~l-a;'3(0, 1 , 8, 4, 6, 7) 

= a;3.'C2(12, 16)+a:.,a;'2(0, 10)d-a:'3a:.^{4, 6, 7) + .r'3a:'2(0, 1,3). 

The residues^ on modification, become 

]6). (13, 14), ®',»s(12, 14, 15) and *',*',(12, 13, 15) 
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whidh Rhf)WH that the residiioa are not equal. 

Similarly, (ii) from expansion about and on inoditying the residue /rroups, 
wo gel 

15). araiu'iCll, 14), 14, 15), 'C>:S(I0, 11, 14) 

whi(5h also shows that the residues are not equal, 

Likewise (lii) from expansion about and on modifying the residue groiipsj 
we get 

x,x,{{), 15), .v'o(ll, 13). 11. 15). 13, 15) 

showing the residues to be unequal. 

But by (iv) expanding the function about x^x^ and modifying the residue gi’onps, 
we have 

7. 15), ,r.^.r'i(6, 14), .r>,(7, 14), 7, 15) 

which shows that i?„ — 

.' F(a; 2 ' i*’©) (27) 

and F{x^, x\, x^, a*o) =0^2^ x\ ... (28) 

(v) expanding the function about x^x^^ and modifying the residue groups, we get 

:r,,ro(3, 7, 15), x.x^i'T, 11), *>„(3, 11). a;>'o(3, 7, 15) 
which shows that i2„ — 

F{x \ , Xq, x^, x^) “ x\ <-^Xq ... (29) 

and ^(^1. ^ 0’ ^3> ^2) ~ ‘^0 (3d) 

and (vi) lastly expanding about x^Xq and modifying, we have the residues 

^2X0(7, 15), x^x\{5, 7, 13), x\x^{5, 7, 13), x\x'^{5, 15) 
which shows that Tij — R.^. 

Fix^^x^, x^,Xi)~ Xi^Xf^ ... (31) 

and F{x\, x q, x^, aJj) = x x q ... (32) 

From the above sets of expansions we see that a closed chain of cyclic permuta- 
tions comprises the variables X 2 , Xq and x^. x'g so that the function is 
partially symmetric with respect to Ihese variables. To write the form of the 
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tnnction, tho function Mhould be ontorecl on a matrix and approjiriate ooluiniis 
Hhould be double negated. By such operations, the function may be written as 

^ 1' ’*^o) •*'o) d- (•!■« + -^^o) ■■■ (*^'^) 

or -r'aiSyrc'a. x\) \- r'„) ;r' 3 ),S',(a-',, a;j, x'^) ... (;i4) 

The function is also partially Hymmetrie Avith reHjxK't to the subsets of variables 
of the sets (x.^, x\, a . and {x'^, a:^, j-'„) 

D t S (.’ IT S S 1 O N S 

in this paper a. method has been suggested for the detection of invariance and 
recognition of tlie symmetries (both total and partial) of switching functions liaving 
variables of syriinietry vhich may be either all pi nned, all unprmied or of mixed 
nature. The method of detection of total or partial symmetries of swibchiiig 
functions suggested in this paper by the extension of tlie principle of the residue 
test readily gives all the alternativv) ropi*esentations of symmetries of functions 
(total or partial) with their coiTespmdnig a-numbers. Importance of detection 
of total or partial symmetries of switching functions arises principally ol the fact 
that they lead to relay contact networks or electronic circuits which are more 
economujal of elements (diodes, relay contacts, etc.). Hence the knowledge of all 
those alternative forms of representations of symmetries is considered very im- 
})urta.nt from the .actual circuit synthesis point of view dhe circuit synthesized 
from one of these forms may be more desirable than the others fioni design consi- 
derations Hence when all the forms of representations of symmetries arc known, 
an easy comparison amongst them for economy and simplicity of design can be 
made. Further, since the diflerent representations of symmetries are associated 
with diflerent priming opeiations of the variables of the functions, all tho different 
circuits may also be easily obtained if required, from any one, by appropriately 
complementing the input variables, when one of them is knoAvn. 

Lastly, the method is not only exhaustive but also simple and straightforward 
at the same time. 
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HYDROGEN BONDING IN N-METHYL FORMAMIPE 

K VENKATA KAMI AH and P. G. PUKANTK 

Dkimhtmiunt or Piiyhjcjh, llNiviiRKrj’V Oolleow of Scifni’jc. 

OhMANJA UjVlVBltHlTY, irvOBUAKAI) 

{Received. August 28, 1962) 


Tn our oarlier work (1952), wo have tjalculatod tho shiftH in llu* OH and NH 
atretdiing froquenciios of aktohols and aniidea, treating hydrogen bonding as an 
elcetrostatii! interaction. Tn these (taleiilatjons it is assiimofl that the ionic 
uliaractcr of the NH bond diiiiinisheN rlue to interniolocular asHociatjons In this 
ooinnmiiioation, the shift in the NH stretcliing frequency of N-iuethyl foniui 
niido duo to interniolecular associations of the type N-H...0 -- 0 is calculated 
and oomiiared with tho exporimon tally observed value. 


The infrared spectra of N-iuethyl formaiiude have been rocordcrl with Perkin- 
Elinei Hi Double beam Spectrophotonietiu- Model 21, with NaCl optu^s. The 
bonded NH stretching absorption has been recorded by pressing a drojj of the 
liquid between tAvo plates of NaOl so as to form a microtilin of unknown thickness. 
The free NH stretching frequency of the amide was i-ecorded in dilute solutions 
of CCI4 with matched cells ol 0.94 mm thickness. The bunded and free NK 
stretching frequoiicies, thus recorded are 3290 (!m“^ and 3484 cm"h 

Tho bond lengths used in those calculations are (Kat/,, 1 957) d(N-H) — 0.995 A, 
(l(N-CHa) = 1.47 A, d(C-N) = 1.29A, fl(C-H) = 1.094A, d(0 = 0) = 1.23A and 
d(N-H...O) — 2.83 A. The bond moments of the various linkages are tho same 
as reported earlier (1962). 






Fig. 1 






Fig. 2 
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In N-nietliyl Ibnnaiuide there are two possible losonanoo strucitiires as shown 
in Fig. 1. 

The unijalaiiced charges in e.s.u. on various atoms in these two structures are 
also inclicai/cd in Fig. I and are caloulat/ed as earlier (19(52). They are 

= J.3x 10 - (li --0.46x10-1® - -0.13 X 10"^®. 

r /4 = 0.88 X 10-»», = 0.36 X UH® M x 1 0“^ « 

r/o --1.2x10-1® ,«/3' -- 0 69x10-1®, ^-0.65 X lO-i®. 

The percentage of double bonrl character of C — 0 and C-N bonds in thii^ 
aiuirle are 88 per cent and 70 per cent respectively. The unbalanced charge 
on the oxygen atom is therefoie -1 TOxlO'i® e.s.u. and that on the nitrogem 
atom IS — 0.99x10 1® e.s.u. I 

The intortnoleciilar associations in N-methyl I’oinianudc are as shown in \ 
Fig. 2. The ratio of the electrostatic force on the hydrogen atom duo to 
hydrogen bonding to i\ due to charges inequality in the NH groups ls given as 

Fi/Fg - 1.79x(0.995)2/(l.853)iiX0 99 - 0.537 (1) 

The fractional reduction ionic character ol the NH liond, due to interinoleeular 
associations is 'l'l]yi(F-^jF^, The dissociation energy 1)' ol the bunded NH 
linkage is then given by 

/r- 93.4-22.1 (2) 

where 93.4 Kcal/mole is tJie dissociation energy ol the tree NH linkage. D' thus 
obtained is 81.7 Kcal/mole. The dissociation energy of the free NH linkage, 
the roducod mass of the NH group and the free NH stretching frequency of N’ 
methyl formamide are used in 

V =:: alnc(DI2M)^—(i%l47r-Mc (3) 

to obtain the constant ^a\ Its value isj2.43x 10® in cm-^ Using the value of 
D' and 'a' in eijuatioii (3) the bonded NH stretching frequency of iV-methyl 
fonnainidc is obtained as 3200 cm-b It is seen the calculated and the observed 
values agree very well. 

E E |i’ K K E N C E 8 
Kalz, L. ,) . 1957, Uins. Ahi,tr., 17, 3039. 

Vpakatu Krtiiiitih, K and Vuroiuk, r’. tl., 19(13, rroi Jud. Acad, >SVa',, 56, 96. 

„ 1%3, ibid., 56, 155. 

,, 1963, (Jurreiit Sci , 31, 413. 
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SIMPLER FORMULAE FOR THE CHAPMAN COWLING SECOND 
APPROXIMATION TO THE THERMAL DIFFUSION FACTOR 
OF BINARY GAS MIXTURES WITH EITHER OF THE 
COMPONENTS IN TRACE 

S. 0. SAXENA AND R. K. .TOSHI 

Physics Depautmj^nt, Ra.tabthan UNWEnsiTy, .Jaipuh, India. 

(Hece^ved November 6, 19(52) 

tSaxoriH and Dave (1061) have dorived sun pier fnniiulae for the thermal dif- 
fusion factor of a binary gas mixture when the heavier component is in trace. 
Recently they (1963a, 1963b) also gave the formulae when the lighter component 
IS in trace Formulae were derived both according to the Chapman -Cowling 
and Kihara, approximation aclicmos and numerical results were tabulated for the 
Ar-Xe and Ho-Xe systems A critical examination of their work shows 
that the Chapman -Cowling second approximation formula for thermal diffusion 
factor, \o^T] 2 ^ becomes loss accurate as the ratio of the mass of the lighter compo- 
nent to the heavier component increases. In this note we report accurate formnlao 
for such systmns 

The new formulae repoited here are obtained by applying the following f'Vo 
criteria in expanding the Chapin an -Cowling determinants 

(i) All the terms in the expansion of the various determinants which contain 
the product of two diagonal elements of the Chapman -Cowling dotf*.rminant, 

are retained. 

(ij) In this expansion those terms are also retained which explicitly contain 
the power of M upto 2. M ^ M-JM^ ivhere and ilfi are the molemdar weights 
of the lighter and heaviei- components respectively. 

Based on these considerations we get the following expression for [aylg 
when the heavier component is in trace instead of Fq. (7) of Saxona and Dave 
(1961) . 

235 
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Similarly when llie lighter i;omponent la in trace the following formula is obtained 
instead ot liq. (6) of Saxomi and Dave (1963b) : 


h-^)- a 2 (^ n >2 12 ") ^ I - 3 - 2“"^^' "-1 2 )^^' ^- 1 — a 

[a j| (i 23^^/' ^12)} ® 23 -1-2 ^^-10 - Z - i ) 

+ (^q_2U' 23 X3 ^*2-3)('^-10 -1-2 ^*^-80 ® -l-l)) 

H-Jlf-H'‘-io/«'-i-i)(i- 1. - (2)1 

\ a_ioa-2 2'' « -1-1 « -2-3^ 


In both tlieao formulae the various terms have their usual meaning. 


TABLK T 

(^hapmaiii- (fowling calculated values ol [a^].^ for Xe-Ar system, Xe being 

in trace 


T 
' K 

liigorouB* 

S D. 

S.J. 

100 

—0 0377 

-0 0428 

-0.0377 

MMf 




300 

0 150 

0 147 

0 156 

i500 

0 275 

0 280 

0.27G 

700 

0.320 

0.317 

0 320 

000 

0.390 

0.369 

0.399 


/hapman- Cowling 

TABLE Ti 

C/alculated values of for 

trace 

Xe-Ai' system, At 

T 




°K 

Rigorous* 

S.D. 

S.J. 

100 

-0.0234 

-0 0181 

-0 0234 

300 

0.0894 

0 0977 

0.0894 

500 

0.165 

0.200 

0.16B 

700 

0.202 

0.238 

0.202 

900 

0.212 31 

0.248 

0.212 


*ThesB values are calculated afresh and some differ from those reported 
earlier by Saxena and Daye, 
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Computed values of fa^lo acoordiiig to Eqs. 1 and 2 foi’ the Av-Xe system 
as a function of tempofatnrc at‘e rec-orded m the last column (S J.) of Tables I and 
II respectively. Also included in these tables are the pi'eviously reported rigorous 
(column 2) and approximate (S.I)., Column H) [ 0 Lrp\ values An inspection of these 
tables reveals that the now formulae given in this note are almost as accurate as 
the rigorous tbrmulae and are much belter than the simploi' formulae given (earlier 
by iSaxena and Dave (1061, 1063a, and 1963b). These new lormulae will be 
extremely useful for proilicting the [(Xyljj values or in determining the inter-mole- 
cular forces if Ufi experimental data are available for those systems where M 
is not quite small 

It may bo pointed out that this method of approximating the Chapman- 
Cowling determinants has proved very siiccesslul for the general case of where 
both the components are present in appreciable proportions, (Saxona, Dave and 
Paifleshi 1062, Saxeiia and Joshi 1063a) and also in the forniubitioii ot the soi*,ond 
approximation to the binary viscosity (Saxona and Joshi, 1063h) 

R 1<) F E R E N E S 

Saxonu, 8. C and Dave, S M., 1961, Hevs Mod Phifs , 83, 14S 

8axeiia, H. C. and Dave, kS. M., 1963a, Mol Phyti., 6, 61 

tSftxena, S C. and Davo, 8. M , 1963b, Lnl J. Phys., 37, 111 

Saxona, 8 (/., Davo, 8. M., and I’ardoehi, R. A,, 1962, CuHudutu J. Phyti , 44), I6UH, 

Saxona, 8 and Joshi, R K , 1963ii, J Phya. Soc^ In press. 

Saxona, S. (!, and Joshi, R Iv., 19631), to bo published. 
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COHESIVE ENERGIES OF ALKALI HALIDES 

E. V. GO,PALA RAO, H V. KEER akh C DEENADAS 

National Chkmical Labouatorv, Poona-8 (India) 

{Heceivvd June 22, lft62, Reauhfnitted Deo 17, H)62) 

The principal interactions in ionic lattices w^hich are Ooulomb interaction, 
van cler Waals’ interaction and overlap force, are two body forces. In the case of 
simple ions possessing spherical symmetry and rare gas structures, the cohesive 
energy can bo roprovsented as a function of their distance apart. For the ionic 
crystals a number of observable properties can be calculated using a bireciproca' 
Lennard- Jones potential function coupled with a coulombu! term. Recently th' 
cohesive onoi gics ol ionic crystals have been calculated (Sharma and Madan. 1961) 
using a (12 ■ 6) potential function It was pointerl out that the discrepancy with 
the experimental data was more pronounceil for lighter alkali halides Hence 
the authors presently aim to propose an appropriate (9:6) potential function for 
such alkali lialides. This is I’easonable m the light of the fact that the values of 
the repulsion constant 'n' obtained by Pauling’s rules (1927, 1928) donveri from 
a theoretical treatment of the interaction of closed shell electronic configurations, 
lie in the vicinity of 9 (Sherman, 1932) 

Hence the energy per coll is represented by 




ae^ I ^ 
r r® 



( 1 ) 


where a is the Madelung’s constant, e is the electron charge, r is the distance between 
closest ion centres and is the zero point energy. B and 0 are the coefficients 
for repulsive and van der Waals terms. 

Here interactions between dipole-quadrupole and other than the nearest 
neighbours are neglected as their contribution is very small. 

By the use of thermodynamic relations it can be easily shown that first and 
second derivatives of lattice energy can be expressed in terms of directly observ- 
able quantities. The equations are ; 

#(r, _ fl dV \ 

dr rp \F * df Ip *” ^ ^ 


d^^r) 

dr^ 
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TABLE 1 

CohetJive energy in K. Cal/mole 

Kepulsjoii Expei-jiiuiulul Culaulatoii C/ulciilaied 
Compound oonstanij (proseiit work) (12 ; ti) 


LiF 

(i.O 

240« 

264.0 

273 1 

240 8 

NaF 

7 (1 

218« 

227 3 

230.6 

218.7 

Li(M 

7.0 

201.5* 

199 H 

212.0 

202 0 

LiBr 

7 5 

191 . 6* 

1H9 9 

200 0 

190 7 

NuCI 

H 0 . 

184. 

182 8 

192 8 

185 9 

KF 

H.O 

193 Oa 

195.8 

205 8 

194.4 

Lil 

H 5 

180. Ott 

174 8 

184.3 

170 8 

NaHi 

S 5 

170 (* 

172.1 

182 1 

170.7 

UbF 

8.5 

- 

J77.9 

191.0 

185 9 

KUl 

9 0 

107. 8^^ 

163. B 

174.1 

109.4 

Nal 

9.5 

160. 0» 

159.3 

JOB. 8 

105 4 

KJir 

9.5 

100.0<t 

164 8 

104 8 

102.4 

BbCl 

9.5 

162.0* 

165.8 

100.8 

104.0 

RbBr 

10 0 

167 0« 

149.0 

159 1 

167.6 

Kl 

10 5 

1.52 0« 

145 0 

inn 0 

15.3 0 

u Plomll (Itiei) 

b 13orn iiiid Ku lUK (19.51) 

0 . lJubiooiobfci ( 1961) 

Using Equation (3) the repulsive parameter B can be evaluated and hence the co- 
hesive energy. The experimental data used have been taken from Huggins (1937), 
Seitz (1940) and Spungenborg (1966), Spangenberg cL aY. 1967). The values of 
cohesive energy are compared with the observed values and also vith other 
determinations. The values calculated with (12 , 6) potoiituil iunction arii also 
given. All values are listed in Table I. 

In the case of lighter halides, the ‘w’ value is less than the assiimerl value of 


9. TLiia for the lightest one, namely LiF, the value is around 6 (Sherman, 
J932) and hence cohesive energy is higher. Better agreement can be obtained 
using the value of ‘n’ as 7. As we go down the group of alkali halides the agree- 
ment becomes better. This is explicable since in all these cases, the ‘w’ values are 
either 9 or very near 9. For heavier crystals, the calculated values arc lower and 
the discrepancy increases as we proceed towards still heavier compounds. Inci- 
dentaUy the ‘ri’ value increases to 10.6 and (12 : 6) potential lunotion becomes 
more appropriate. 
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A FOUR-POINT PROBE FOR RESISTIVITY 
MEASUREMENTS OF SEMICONDUCTORS 
J. K. D. VEKMA 

Saeia. Institute ob* Nucleau Piiybios, Calcutta 
(JJeceiwcd August 20 , 1962 ) 

ABSTRACT. The oonstnictional delailR of a four-pomi probo for rowuLivily dotorniina- 
tion of senii-Gonduotoif. aro givtm. Tlio iiioMiod for flocti’ulytic poinijjig of luiigaten wjros 
used in the probe is alHo doaenbed. 

INTRODUCTION 

The knowledge of resJHtivity of aeniicondiictorK is essential in dctorniining 
their suitabihty for fabneating semiconductor devices and hence the need arises for 
making accurate measurement of resistivity. The rectifying nature of the contacts 
and the minority earner injection by one of the ciUTcnt contacts are some of the 
faults generally encountered in the conventional methods. Valdes (1954) has 
described a method in which these difficulties have been overcome and offers in 
addition several other adva ntages. The one principal advantage is that one does 
not require any special specimen geometry and permits moasuremont of resistivity 
of small volumes within bigger bulk semiconducting material. 

The method consists in placing four sharp metal points m a line on a flat 
surface of the semiconducting material to be moasurod, passing a current,! (amp), 
through the two outer electrodes and measuring the voltage, V (volts), across the 
two inner ones (Fig. 1). Valdes (1964) has discussed the various modes of place- 



Fig. 1 . Arraiigeinont for four probo roHistivi l,y measuromont 

ment of probes and has shown that with certain assnmptions, the resistivity in 

the case of a large sample is given by 

y 27T 

■ TITil L— 

^ 2+ -^3 
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( 1 ) 
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where p = resistivity, in ohni-cm. 

Djj, Z >3 = point spacing, in cm. 

When the probe sjpacing is equal, that is Dy^ — D,^ = the above equation 
simplifies to 

,, = '2.iid7 ... (2) 

T K E 3* P. O H R UNIT j 

Bo(;auso of the frequent need for making resistivity measurements, the ijrobe\ 
unit should be so designed as to permd luakiiig quick measurciuents and, further- 
more, the whole unit should be sinqile in construction. Such a unit has been 
constructed m this institute and the details are reportorl licre (Fig. 2) The unit 
IS similar to one reported by MacDonald H al, (11)53) Imt differs in the method of 
varying the contact iircssiire of the metallic points against the' semiconductor. 



Fjg. 2 Pliotogmpli of four-probe resistivity inoasuriug instnniiout. 

The unit consists of two parts :(i) A head which supiiorts the tungsten wires 
and (ii) a pivotal arrangement by means of which pressure contacts on the semi- 
conductor surface is achieved. 

The head is made of Teflon because of its high resistance, low humidity ab- 
sorption, low coefficient of friction, and excellent machining properties. It has 
four equally spaced holes into which tight fitting 20 mil (0.020 inch) tungsten wire 
have been inserted. The spacing between the tungsten points is 1.630 ± 0.016mm, 
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The head is mouiiied on an ai'in whifh is hinged at the opposite end (Fig. 3). 
A smooth and regular vaiiation of (contact prcissui'e of tungsten wires against the 
semiconductor surface is manipulated hy moans of a scrciv head. MacDonald 



Fig Lino diugjiiin oi tin' probe iiniL. 

et al (1953) have used in their instrument a sliding weight on the hinged arm to 
vary the contact pressure. The arm suiiporting the head is in turn mounted on 
and can slide along a vertical supporting jod This aiTangi'inent facilitates 
working with samples of different sr/es. 

F L E V T K 0 1* 0 1 N T I N CJ OF WIRE S 

The tungeston wires in the Teflon head arc to bo provided with conical points. 
To obtain wires of ecpial leiiglh and sharpiuiss, an electrolytic teohniciuo for point- 
ing, described by Pfann (1947), is cmiiloyed. lly this method it is possible to 
produce points of any desired degiee of sharpness on tungsten and, furthermore 
by a suitable choice of oloctroljdes, calhorle materials and working voltages, the 
method can be extended to a varietv of metals. The olectropoiiiting ciicuit is 
shown in Fig. 4, which is self explanatory. 



Fig 4. jSloctropoiuliiig fiirouil. 

The electrolyte is an aqueous solution of potassium hydroxide. While the 
concentration of potassium hyihoxido is not critical and can be varied between 
10% and 60%, a 38% concentration has been used m the present work, 
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The pointing time and the shut off current are only affected by the concen- 
tration, the pointing time being smaller for higher composition. The volume of 
the electrolyte is also immaterial in this particular cose. A small quantity of copper 
in the form of cupric chloride is added to the electrolyte. The quantity of cupric 
chloride is also variable but the copper content should not exceed 1. Img per co. 
The purpose of adding copper is two fold. Firstly, it makes the meniscus oUng 
firmly to the wire in position which ooidd otherwise be disturbed due to slighest 
vibration and secondly, to help in reforming the cathode coating rapidly which is 
depleted during pointing action. 

The cathode is a copper sheet which is previously aged for several days in the|^ 
electrolyte to form an appreciable coating of copper oxide, so as to make the cathodol 
self-depolarizing. This is desirable to prevent gassing during pointing which may \ 
otherwise disturb the menisci, as is usually the case with clean copper cathode, \ 
To conserve the cathode coating, it is necessary to maintain an upper current \ 
limit. This is done by keeping the ratio of wetted tungsten area to cathode 
area below 0.01. 

The arm holding the Teflon head is lowered until the wires are immersed in 
the electrolyte to a de^itli of about 5 mm. The positioning of the vessel contain- 
ing electrolyte is essential to obtain wires of same length after pointing. 
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ON THE SELECTIVITY OF A RESISTANCE 
CAPACITANCE NETWORK 


S. C. DXJTTA KOY^ 

£ i^omoNios Section, River KEsiaARCH Institute, West Bengal 
(Mece^ved June, 1901 ; BembmiUed April 17, 1962) 

ABSTRACT. A resistanne capooitanco network, uaod in circuits for generation (Wien 
bridge oscillator) and measurement (Wien bridge) of low frequencies, has been analysed for 
the maximum selectivity condition by defining a dosign parameter n. It has been shown 
that a lower value of n gives (i) a more selective response and as such, a purer waveform m 
the oscillator circuit and a. sharper null point in the Wien bridge circuit and (li) a more favour' 
ablo condition of operation of the active device in the oscillator circuit. I'he elfeot of oascad' 
mg such networks on tho selectivity of the resultant transfer cliaracteristic has been discussed. 
Tho effect of interchanging tho series and tho sliunt arms of the network has been considered. 
It has been shown thai/ if n is lugh, the resultmg network has a characteristic similar to that 
of a Wien bridge and is superior to the latter in some respects. 

INTRODUCTION 

The MC network shown in Fig. 1(a) is used in a vacuum tube oscillator circuit 
for generation and in the Wien bridge circuit for measurement of low frequencies 
while its current dual shown in Fig. 1(b) is used in a low frequency transistor oscil- 
lator. In such applications, it has been conventional to use and C\ = 0^] 

under these conditions, the network has a Q (Morris, 1954) equal to 0.33 only. 
In this paper, the effect of unequal elements on tho selectivity of the transfer 
characteristic has been investigated. By defining a design parameter n slb n — 
{RJRi)i = (Cil(\)^, it has been found that the increase m Q is of tho order of 50 % 
for very small values of n. Thus using a small n, a purer waveform can bo ob- 
tained in the oscillator circuit and a sharper null point in tho Wien bridge circuit. 
It is also found that using a small value of n ensures a better operating condition 
for tho active device in the oscillator circuit. 

I 

I 

(a) (b) 

Fig. 1.— The RC networks under oonsidoration. The network (b) is the current dual of the 

network (a). 

It is known that properly cascading two selective networks having the same 
resonance firequoncy yields a response characteristic that is more selective than 

• Present address : Department of Physics, University of Kalyom, Haringhata, 
^.O, Hohonpur, Dist. Nadia, West Bengal. 
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the response of either network. Thus a still heiter waveform can bo obtained in 
the Wien bridge oscillator if a cascade of two or more RG networks of the form 
of Fig. 1 is used as the frequency selective network. The conditions and effects 
of proxior cascading are discussed in this paper. 

Finally, the networks obtained by interchanging the senes and shunt arms of 
the networks of Fig. 1 have been studied. It has been found that by properly 
choosing n, those networks have a characteristic similar to that of a Wien bridge 
and that in some respects, they possess some advantages over the Wien bridge. 


ANALYSIS OF THE RC NETWORK 

Driven by an ideal voltage generator and working into an open circuited loadj^ 
the network of Fig. 1(a) has a voltage transfer function given by 


1 + 


0,7^ G^, 
GJt^ 


{-pG^Ri h 




( 1 ) 


\ 


where p — jo, m being the frequency in radians/scc. The above expression also 
represents the current transfer function of the nohvork of Fig. 1 (b) ^^^hen an ideal 
current generator is comiectod across the input terminals and the output terminals 
are short ciicuited. From (1), the resonance frequency is given by 


CO 


2 

0 


\ 


( 2 ) 


Let us define a design jiarameter n as follow's ■ 

Tlien the comijonents of the networks of Fig. 1 can be exjiressed in terms of a 
resistance jiarametor R, a capacitance parameter G and n as follows ; 

R^ = Rln, R^ = nR, C-^ = nG and G^=^CIn ... (3) 

From (2) and (3), wo have coq = ll{RG). Thus a variation of n will have no effect 
on Oq. Also from (1) and (3), we have, 

— 9 -. 


whore u = pCR. Applying Morris’ definition of Q, we have from (4), 



( 6 ) 


For the conventional circuit, = 1 so that Q = 0.33. Expression (5) shows 
that Q can be increased above this value by decreasing n, a maximum value of 
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0,50 being reached when n tends to zero. At the resonance frequency, u ~ j 
so that from (4), the resonant responae is given by 


fio — 




... ( 6 ) 


A.\> n ~ 1, /?Q = 1/3; as decreases, also decreases and tends to zero Avhou 
n tends to zero. This is not, however, very important because it only mcjins that 
the gain (oxien loop voltage gain or the short circuit current gam according as the 
network of Fig. l(ji) or (b) is used) of the oscillator circuit has to be increased by 
the jirojier amount. Thus at n = 0.30, = 0.04; if this network is used in an 
oscillator, the minunuin gain roquircd lor oscillations to occur is 25, a value whicih 
is not at all difficult to be realised with two stages of amj^lification as used in such 
oscillators. The imiirovemeiit in Q is however as much as 45%. Fig. 2 shows 
the variations of Q and /6’„ with n. 




Fig. 2. {a) Showing I, ho vaiiation of FiK- 2. (b) Showing fho varnxtioii oi 

Q wjLh n Po with h 

ill a vacuum tube Wien liridge oscillator, the input terminals of the network 
of Fig. 1(a) are connected across tlie plate to catliodc of the second valve wjiile 
the output terminals are connected iicross the gi id to cathode of the fust valve 
of a two stage RO coupled amplifier. It is thus desirable that the output impe- 
dance of the second valve should be negligible compared with the input impedance 
of the network and the input imiiedancc of the first valve should be very high 
compared with the output inipedanco of the network. .Since the gi’id to cathode 
impedance of a vacuum tube is normally very high, the second condition is usually 
satisfied in practical circuits. But, with the conventional RC network {n = i), 
the first condition cannot always be satisfied. This results in (i) loading of the 
second valve and therefore, reduction of the available gain from this stage and 
(ii) a deviation of the frequency from the design value 1I{RG). In a precision 
variable frequency oscillator, it is highly desirable that the frequency should be 
controlled by tho elements of the RV network only so that the latter effect has 
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to be annulled by the use of a compensating resistance placed between the cathodes 
of the two valves (Davidson, 1962). 

The input impedance of the RO network of Fig. 1(a) with the elements given 
by equations (3), is 


Zin = R 


nu(u-\-l) 


For the conventional network, = 1 so that 


Therefore, 




= i2i!Ltl)!±“ 


Zix w{(t4H- 1)2+1/) 


At the resonance frequency, u =j so that 


^0 


wH-2 

3n 


... (7) 


... ( 8 ) 


Equation (8) shows that increases as n decreases, li n — 0.1 then = 6.7; 
this increased input impedance ensures a better opei'ating condition of the second 
valve and a less deviation of the frequency from the value 1I{RC). If a sufficiently 
small n can be used, then the use of a compensating resistance can be avoided. 

In a transistor oscillator using the network of Fig. 1(b) the network will, in 
general, reduce the available current gain of the second transistor and wiU cause 
a departure of the frequency from the value 1/(2ZC'). This latter effect is more 
important as the transistor parameters vary considerably with the various d.o. 
voltages and with frequency. It is thus desirable that the input impedance of 
the network should be small compared with the output impedance of the second 
transistor and the output impedance of the network should be large compared 
with the input impedance of the first transistor. 

With the elements given by equations (3), the input impedance of the network 
of Kg. 1(b) is 


Z'- - ff ^(^+1) 


For the conventional network, 


Z'^ = R 
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so that 


and at resonanoa, 


»*%-!- (^ 4 - 1)2 


f 3% 

“ “ ^+2 

Thus t'q decreases ^^'ith decreasing n and approaches zero as n tends to zero. At 
n = 0.1, t'q has a value 0.149. Also the output iini)od!inco of the network 
of Fig. 1(b) is the same as given by equation (7). Thus at resonance, the ratio 
^ on IZ‘ 01 will be the saiue as given by equation (S), which increases with 
decreasing n. 

Thus wo conclude that a. lower value of n gives a higher selectivity and a 
more favourable operation of the oscillator circuit with either vacuum tubes or 
transistors as the Jictive elements. This improvement is obtained at the cost of 
of an increased gain of the active elements. 

USE IN THE WIEN BRIDGE 

Fig. 3 shows the network of Fig. 1(a) with elements given by equations (3), 
inserted in the two arms of a Wheatstone’s bridge the other arms of which are 
formed by resistances whose values are so chosen that null occurs at a frequency 
J/(CT). The transfer function of the bridge is given by 

71“ 71“ 

^ ~~ % 24_2 ~~ {7^-\-2)-^U-\-\j'U 

71,2 _ _ 



Fig. 3. The Wien bridge. 

Thus Q of the network is the same as that given by equation (5). The maximum 
response of the network occurs at i* = 0 and at a = oo and is given by equation 
2 
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(6). Thus a small value of n gives a sharper null point, hut since the maximum 
response of the network is reclucerl, the amplifier in the detector circuit has to be 
more sensitive or the iu 2 )ut voltage is to be raised by the jirojier amount. 

K F r R (J T OF (J A S 0 A D T N Cl 

For the construction of a fixed frequency oscillator, if the available gain of 
the amplifier is considerably greater than the required value, it will bo convenient 
to use a cascade of two or more R(^ networks of the form of Fig. 1 . The resulting 
circuit will give a better wavoforiii than tliat olitainod with a single networjk. 
Cascading of more than Wo sections will not hoAvever be practical as the output 
will then be heavily attenuated For a proper cascading of the networks of tile 
form of Fig. 1(a), the output imiiedance of the first network should be small 
compared to the injait mqicdamic oi the .second network, while it the notwoik.s 
are of the form of Fig. 1(b), the rovcrs<‘ should bo true. The following analysis 
shows that in a cascade of two nei a^orks of tlie form of Fig 1 (a) or (b) wuth the same 
values of 7i and tOy, the above conditions arc satisfied if n is less than 0.5 
The transfer function of the cascaded notw'ork is 

/I- 


where fi is the transfer function of a single network given by equation (4), 
and Z.^ are the iinpodaiiccs of the series and the shunt anus of a single network 
and A = Z-^ZJ{Z-^-\- Z.^)'^ is a measure of the loading of the first stage by the second. 
Now, 


A === 




^1 

z. 


IP ^ 

' n“u ' 


At a frequency given hy = j. 


A 


_ 


At 91 = 0.5, A — 0.099 so that for 71 < 0.5, Combining this with (4) 

gives 


A 


{l+j(a;-l/4/(2H-9i2)}2 


... (9) 


whore x = mCR — w/too is the normalised frequency. The response at resonance 
is given by ~ {7i^l{n^-\~2)Y, Morris’ definition is not aiqfiicabio here. How- 
ever, for a resonance curve the definition of Morns gives the same value of Q as 
that obtained from the conventional definition, viz., Q = ^^/(cOi'^cojj) — 
where toi and coa are the frequencies at which the response is 70.7% of that at 
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resonancjc. Apijlying this ilefiiiition to (9), it can bo shoAvii that Q of tlio 
cascaded network is given by 

1.53 

Q 2 — 71 , 2 ^ 1)12 ~ 

If n ~ O.Jj then Q.i = 0.70 which is nearly ocpial to its maximum A'^alue 0.705. 

EFVJ'UJT OF T NTERCJH ANOiNd THE ARMS 

If the WM-ies and the shunt arms of the networks of Fig. 1 are interchanged, 
the transfer function of the resulting neWork w'lll bo given by 

_ __^i 

“ '^1+^2 ““ m 2„[_(2 + 71 >+T 

Thus again, Q = l/(2 + a2). In terms of the normalised frequency, 

P - (l-.r^-)-i-(2 \-n’^)yx 

This shows that /f has a maximum value of unity at botli x = 0 and = 00 and 
a miiiimiim value of 2/(2+??*^) at jc 1 . Thus the network characteristic is similar 
to tliat of a Wien bridge excepting that the minimum response is not zero. 
can bo made to approacli zero by using a large value of n, l)ut then the selectivity 
Mill be poor, if a compromise is made between the two, then the network can 
be used lor ineasuremoiit ol low freiineiicios. With a high imjicdancc detector 
(e.g. a vacuum tube amplifier-rectifier airaiigemeiit), the notwoik of 1(a) 
with interchanged arms v.ili bo suitable foi measuring the Iroqucncy of a low 
impedance source (e.g. a vae.uum tube oscillator) With a low impedance detector 
(e.g. a transistor ampblior-rectilior aiTiiiigemciit), the network oi Fig. 1(b) Muth 
interchanged arms will be suitable fer measuring the Iroquency of a high impe- 
dance source (e.g. a transistor oscillator). In this ajiplication, the nelAvorks iiiidor 
consideration have the advantages over a Wien bridge of (i) requiring a less number 
of components, (li) possessing a common input and outjmt terminal Uius avoiding 
the necessity of using a balance to uiibaldiicc translormor, and (lii) a simpler 
layout. 
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ABSTRACT. Tho abaor|jtioii spoctia in the near nltraviolot region of a frozen trans- 
parent jnasB of p-brojnotolueno of thiokness 7.0 jnm and of a frozen 12% aolution ol the com- 
pound in mel'hyl oyulohoxane at — of thicknesK 45 inm have boon invoatigated. In 

each oaso three sharp bunds at 404.5 A, .3812 A and 3603 A have boon ob, served. By nompuring 
this spectrum with tho lumineacenno spectrum of the subatanoe at - - 1 80°C it hus been shown 
that in absorption tho transition from tho ground singlet state to tho triplet state coupled to 
an excited vibration state is predominant and that the data load to the values 1 .590 cm“i and 
1516 cm-i respectively for the ground state and triplet state vibrai.ion fioquencics of tlio mole- 
cule. It IS pomtod out that in tho luminesconco spectrum of the substance at - 40‘'f) the 
0,0 transition is absent and that' tho vibration mentioned above is coupled to the transition 
in the luminosconco. 

INTRODUCTION 

It was observed by Sanyal (1953) while studying the liaman spectra of 
ortho- and para-chlorotoluene that these compounds in the solid state 
at — 180°C produce strong luminescence bands in the visible region. Biswas 
(1956a, 1956b) repeated the investigation and also extended it to ortho— and 
para-bromotolueno, using mainly the 3650 A group of mercury lines as tlie exciting 
radiation. He observed a large number of bands in each case, but the separation 
of successive bands could not explained satisfactorily by him. He further showed 
(Biswas, 1958) that the luminescence is actually an afterglow of short duration. 
Later, Roy (1959) showed that the luminescence of p-chlorotoluene disappears 
when the wavelength of the exciting radiation becomes greater than 3750 A. It 
was, therefore, concluded that the luminescence was produced by absorption 
of radiation by transition from tho singlet to the triplet state and then by re- 
emission of the absorbed energy. He further tried to find out whether tliere was 
discrete absorption bands in the near ultraviolet region in the absorption spectra 
of these compounds in the liquid state and observed (Roy, 1960) that in the liquid 
state wi-fluorotoluene, p-chlorololuene and o-bromotoluene show only continuous 
absorption on] the longer wavelength side of the region near 33 00 A, where 
the absorption in benzene is very weak and that the region of absorption shifts 
towards longer wavelengths as tho atomic weight of the substituent halogen atom 

352 
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iucr eases. lu order to find out whether this continuous absorption was a property 
of the liquid state of the compounds Sirkar and Roy (1960) studied the absorption 
spectra of benzene and o-bromotolucue in the vapour state with a path lengtli 
of 18.90 metres at pressures of about 120 mm and 55 mm of Hg respectively and 
in the liquid state having equivalent path lengtlis. They observed that even 
in the vapour state with a path length equivalent to 7 mm of the liquid, o-bromo- 
toluene exhibits continuous absorption in the region from 3400 A to 3500 A and 
that the strength of this absorption due to an equivalent thiokness of the liquid 
is much larger than that in the vapour. Benzene on the other hand shows very 
little absorption in this region and not much difference is observed between the 
spectra due to the liquid and equivalent path length of the vapour. Roy (1961) 
observed similar continuous absoiqition in this region in the case of almost aU 
the isomeric monohalogen-substitutod toluenes in the liquid and vapoui- states. 

As already mentioned, the luminescence spectra of all the halogen substitu- 
ted toluenes in the solid state at “180°C consist of bands while the liquids show 
continuous absorption in the region on the longer wavelength side of 3100 A. 
It can bo inferred that the substances in the solid state at low tem])eraturcs might 
exhibit discrete absorption bands instead of continuous absorption in tlie region 
mentioned above As the absorption is extremely weak, a thick layer is to bo 
used to study sucJi absoiptiou and it is difficult to obtain transparent thick layers 
of the substances in the frozen state. In the present investigation an attempt 
w^as made to obtain tliick transparent masses of para bromotoluene both in the 
crystalline state iuid in the frozen solution in methyl cyclohexane and to study 
the absorption Hjiccti-a in the near ultraviolet region. The results arc discussed 
in the following sections. 


K X P E Ji I M E N 1’ A L 

The liquid of pure quality supplied by B.I).H of Tjondon was further puri- 
fied by distillation under reduced pressure. The solvent methyl (iyclohoxane 
was siipj)lied by Fisher Scientific Co. of U.S.A. and it was also purified similarly. 
A nearly transparent frozen mass of p-bromotoluene at - 15 °C was obtained 
in a Pyrex glass cell of special design and having a thickness of 7 mm by cooling 
the liquid contained in the cell slowly from its lower portions. The method 
was similar to that for obtaining metallic crystals, the only difference being that 
in the temperature. This method was used when it had been found that the 
frozen mass obtained by immersing the cell in liquid oxygen was completely 
opaque. A 12 percent solution of the substance in methyl cyclohexane in a 
Pyrex glass glass cell of thickness 45 mm was hold in a brass frame. When 
the lower portion of the frame was immersed in liquid oxygen contained in a 
transparent Dewar vessel the solution was frozen and a transluscent mass at 
about — 175°0 was obtained. The absorption spectra of these two solid masses 
were photographed using a hydrogen tube as the source of continuum and an 
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Adam Hilj'or R 1 quartz Rpectrf>grax)h fiiving a disporsion of about 10 A/mm in 
the region of 3/500 A. Iron art; comparison spectrum was photographed on each 
of the spectrograms After drawing a sharp line along the line 4191 A of the 
iron arc spectrum witli a razor blade and producing it to cut across the 
absorption spctitj'um, microphotometric rectu’ds of the tw(> spectra on each 
spectrogram were taken. The wavelengths on the absorption spectrum at any 
point was determined by finding the distance of the point from the mark due 
to tl)o line 4191 A and the corresponding wave-length on the record due to the 
iron arc sxiectrum. 


R JO S U i. T 8 A N J) D I S (.i U S S I O N 

The mioropbotometric records due to the spectrograms are rojiroduccd 
in Figs. 1(a) and 1(h). It can be seen from the records that there are at least 
three sharp absorption peaks in the spectra due to both the pure, crystal and the 
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Fig. 1. Microphotouietiic records of absorption spectra. 

(a) p-bromotoluuno at — 16°0. 

(1)) Solid solution of p-bromotolueno in moi.hyl cycloliQxane at — 1S0“C. 
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frozen mixture. The wave niimhcrs and strength of tlu‘ absorption are given 
in Table I. A broad fourth baud is also jiieludod. 

TABLE I 

Absorption bands of thick layer of p-bromotolueiie 


12 % Holutioii 111 luetliyl 


Puro ciysials at — J5“C 

cycluhoxano 

1 at. - 1 S()"(^ 

I*(),sil,if)iis iSopaitttion 

roMilioii.s 

Hi'jjanition 

2J7l.ua 

1517 

2(i2:i2 s 

21715 w 

1517 

I5N 

202:12 s 

- 

277+0 ml) — 


1514 

151 8 

27740 mb 




Tt (sail be .soon fi oru Table 1 that both the pure cjystal and the frozen solution 
sliow absoi’ption peaks of tlie same wavelengths and that the seciind jiealc is the 
strongest in each ease It is found that the mean sepaiation betwemi tJie suecjes- 
sive bands is about 151b ein"^. This represents tlie Ireiiueiiey of some modi* 
of vibration of tlie molecule in the triplet state. In older to identify the mode 
the luminescence spectrum of the comixmiid reported by Biswas (1950(') is to 
be compared with Lhe absorption speiitrum. It is found that he observed a sepa- 
ration of 1717 cnr^ between the Ih-st two liroad luminesccnec bands on the shorter 
wavelength side and the first band is at 41137 A, i.e., at 33051 cm“^. The 
first absoriition band observed in the present investigation, liowevcw, is at 24715 
om“b If the latter band be identihcd witli the 0, 0 band in the singlet ->triplet 
transition it is found that tht^ 0, 0 band is absent in the lumincsiience spectrum. 
Denoting the vibration frequencies in tlie smglet and triiilet states by v^i and 
vy respectively, we assume athat the first band in the luminescence spectrum 
on the shorter wavelength side is due to a transition from the first excited vibra- 
tional state, coupled to the triplet state to the second excited vibrational state 
in the singlet state of the molecule as shown in Eig. 2. 

Then we get 

2v^ — vy = 1664 
or 2v,g-1517 = 1664 
or v ,5 = 1590 cm"^. 

This agrees with the frequency of mode HA of lienzeiic (Bitzer and Scott, 
1943). 
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The aecond band in the lluoreBcenoe spectrum reproduced by Biswas (1966o) 
IS at 408G A, but it is very wide and its strongest portion seems to bo at about 


Triplet 


Smglet 



2. Sohomatio onorgy level diagrnm showing tranajiioiiK hel-wcon ilio 
Triplot»->Smglot statos. 


4675 A, which is at a distance of 1667 cm“^ from the first band. This may be due 
to the transition from the second excited vibrational state in the triplet state 
to the fourth excited vibrational state in the singlet state. The transition from 
the first excited upper vibrational state to the third lower excited vibrational 
state would give a band at a distance of 1590 cm"^ from the band at 230,51 cm“^ 
and there seems to be some intensity in this region in the luminescence spectrum 
reproduced by Biswas (1956c). Thus, the luminescence bands are broadened 
by the superposition of the different raansitions mentioned above. For an 
accurate analysis of the luminosoonce si>eotrum using the triplet state vibrational 
frequency found m the present investigation, a careful study of the structure 
of the luminescence bands is necessary. 

It is thus concluded that somehow the mode No. 8A is responsible for the 
rc-omission of the energy absorbed by singlet -^triplet absorption which seems 
to be feebly allowed in the case of halogen substituted toluenes. 
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ABSTRACT. The splitting of the K x-ray absorption edge of certain irauaition metal 
ion compounde with u totraliodral oo-oidination is oxplainod on tho liasis of liganil fiold theory. 
It 18 pointed out that in the tetrahedral contiguiatiou tho empty ip orbitiile of tho raetal ion 
are localiHed wlieioiiR in octahedral Hurrouiidings these foiro sl-roiig bonding and antibondmg 
molecular orbitals A^otb the appropriate oomliiuation of ligand orbitala. The anbibonding 
empty oibittil to which tho first x-ray tranflition takes place la delocalised 

These conolusions are consistent with observations. 

INTRODUCTION 

The existence of localized empty orbitals in solids is expected to play an 
important role in several physical processes such as optical absorption, electrical 
properties, and magnetic exchange interactions (Sinha 1961). X-ray absorption 
spoctrosuopy provides a powerful method of studying tho nature of empty orbitals 
in solids ((^auchois, 1948; Maude, 1960). iSovoral workers have investigated the 
K absorption spectra of transition metal ions in their various physico-chemical 
states (See Wilkinson and Cotton, 1959 for details). 

Recently, van Nordstrand (1960) has reported a largo number of A absorption 
curves of transition metal ions in different types of solids. He classifies these 
curves in four categories, namely, type I siiectra, associated with an octahedral 
coordination in the common salts, hydrates, complexes and oxides; type IT, asso- 
ciated with octahedral coordination shell constituted of linear ligands such as 
CN or CO; type TIT characteristic of metals and metallic phases; and type IV, 
associated vdth tetrahedral enfigurations (e.g. KMnO^). Tliese four typical 
spectral curves are shown in Fig. 1. 

Of these, the type IV curve alone shows the splitting of tho principal absorp- 
tion edge. Collet (1969) has also reported a similar splitting in NiK absorption 
in the complex X 2 [Ni(CN) 4 ], where the ligands form a square planar configuration. 

* Commumotttion No. 516 from the National Chemical Laboratory, Poona-S (India). 
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The first maximum in the principal absorption edge (in typo IV) may be inter- 
preted as a transition of a Is electron towards an empty orbital. 



ABOVE Mn EDGE (6537 

Fjg. 1. Four rlifforoni/ typos of K ahaorption siioctra of manganoae in varying chemical 
states as given by R. A. Van Nordatrand The markings ‘a’ and ‘6’ am by the present authors, 
‘a’ repreaonta the x-iay tranai(/ion and ‘6’ la— limit 

The purpose of this note is to jxiint out and interpret theoretically the oocur- 
reneo of localized ip levels in c-ortain compounds with tetrahedral conf guration 
around the transition metal ion, which in turn, is responsible for the splitting of 
the absorption edge. We also explain the absence of the same in octahedral 
systems. A purely electrostatic crystal field calculations liy Cotton and 13all- 
hausen (1956) lead to somewhat different conclusions. 

T FI E O R E I 0 A L CONCEPTS AND DISCUSSION 

In this section, wc discuss results of our theorcticjd calculations for KMnO^ 
which is a typical example of a transition metal ion in tetrahedral configuration 
i.e. (Mn 04 ) — . In formulating the electronic configuration of the tetrahedron, 
we also include the electrostatic crystal field effects of the surrounding nearest 
K+ ions. For the (Mn 04 )“ tetrahedron itself, we follow the molecular orbital 
approach. The results obtained would apply equally well to other similar systems. 

The position of the ions were taken from the crystallographic data of 
Mooney (1931 ) on KMnO^. The effective crystal field potential can bo expressed, 
following the general method due to Bethe (1929), as 

V{6K+) Y^-^)^... (1) 

where G’s are the coefficients, F’s the spherical harmonics and r the radial co-ordi- 
i^ate. Since wo are concerned with the splitting of the i-p levels only terms upto 
second order spherical harmonics have been included in (I). 

' The calculation shows that the term Gq^T\ gives a constant depression of all 
the energy levels of Mn by about 20 eV. For an electron in 4p orbitals, the other 
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terms in (1) give rise to a splitting of orbitals by approximately 0.2 eV 

which, is comparatively small. 

In order to study the inlluonco of tho inner oxygen atoms on Mn in (Mn04)“, 
we treat the inner (Is^ 25^ 2p“ 3p®) eleotrons of Mn as constituting tho ion 

core and only 3d® 48** electrons are supposed to be involved in covaleiicy. Tho 
appropriate orbitals to be considered for covalonc-y are, however, 3d, 4iS and 4jt). 
Likewise, for oxygon we take the 2.y® electrons as forming the ion core and tho 
remaining 2p^ electrons participate in bonding. The three oxygon p (U'bitals are 
p„, TTi and TTg the former pointing towards the central ion. We dassify the central 
ion valence orbitals and the linear combination of oxygon ion p orbitals, which 
interact strongly according to tho point symmetry group T^, folloudng Wolfsberg 
and Helmliolz (1 952) The metal ion orbitals span the irrodiiciblo representation 
(given in brackets) as indicated ■ i.o 5(^j); dy : ds2, d{x^—y-) [E)] p,j., Py, Pi\ Aq . 
dyz, dzj., d^y, (2’o). Tho linear combinations of tho ligand p^ orbitals sp.an the 
reprosontations. (o-j+o-g | (r3-l-o'4)/2 _ ^3; (o-i-l-a-g-tra ~fr^)l2, (o-jL—orgH-o-g— (74)/2, 
(tTi— cTjj —(r^~\'(T^)l2 . Tg. Likewise, there will be combinations of n orbitals belong- 
ing to different representations. The strength of the bonding and antibonding 
molecular orbitals formed between the metal ion and the ligand orbitals is deter- 
mined from symmetry, relative energies and overlap considerations. It is seen 
that 5 , dy and d^ form strong bonding and anilbonding orbitals with the appro- 
pirate anion molecular orbitals. The bonding with tho ip orbitals is not strong 
as can bo visualized from overlap considerations and that d^ orbitals also compete 
strongly for tho same purpose. Thus in effect tho ip orbitals of the metal ion 
remain more or loss of tho atomic typo and remain empty along with other anti- 
bonding orbitals. The x-ray absorption at ‘a’ in Fig. 1 is intorjiretod as U to ip 
transition with tho latter remaining localized. 

Lot us now consider the transition metal ion in octahedral configuration i.e. 
the metal ion surrounded by six ligands (c g. 0'*^“ or CN). Tho point symmetry 
group is 0;^. The metal ion orbitals outside the (iJosed shell configuriition are 
again 3d, 4s, ip and span the irreducible representations as indicated i.e. 4.9(Aip), 
Sdg (Tgj,), 3dy {Eg) and 4p(Ti^). The appropriate linear combinations of the six 
ligand p^ orbitals span the representations Ag Eg, T^u (Orgel 1960). Here too, we 
disregard the effect of tt orbitals. Thus the strong bonding and antibonding 
orbitals are due to the mixing of 3dy, 4s and ip orbitals of tho metal ion with the 
appropriate combinations of the p^ orbitals of the ligands. In contrast to the 
tetrahedral case, the ip orbitals in the octahedral configuration are subjected to 
a strong end on overlap with ligand p„ orbitals. Thus the anti bonding combina- 
tion which is invariably empty in most systems, is extensively delocalized 
in octahedral configurations. Also, in the octahedral case there is no set of 3de 
type orbitals of the central ion belonging to a\u fiymmetry to compote with ip 
orbitals of the same. In the tetrahedral case, it was shown that the d, orbitals 
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were strongly bonded with the ligand orbitals and this competition also favoured 
in rendering the 4p orbitals localized. 

We visualize that in octahedral systems the x-ray transition is from Is to 

the later being delocalized as well as pusliod upwards in energy scale. This 
would be consistent with the observed spectra in octahedral system where 
there is no splitting of the iirincipal absorption edge. The effect of the positive 
ions (e g. ) around the octahedron would be similar to the tetrahedral case; 
however, the magnitude of the constant deiiression and splitting of the energy 
levels would depend on the distances and dispositions of these ions. In complex 
systems such as MugO^ (distorted sj)inol structure) whore there are two octahed- 
rally surrounded and one tetrahedrally surrounded metal ions, the effect of 
the tetrahedron is probably diluted owing to the preponderance of the octa- 
hedral ions. 


CONCLUDTNa REMARKS 

In the foregoing section, we have made tentative suggestions as to why 4p 
empty orbitals of transition metal ions become localized in tetrahedral systems 
and delocalized in octahedral surroundings. The above conclusion correlates 
well with the observed K X-ray absorption spectra in such systems. Detailed 
theoretical calculations and extensive experimental work are in progress aifd their 
results will bo reported later. 
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ABSTRACT. A theoretical estimate of chlorine nuclear quadrupole coupling oonstiiiat 
in Bid molecule has heen made for the two isotopic aubstitutioTiH (d®'' and d^’) ol chlorine 
on the liusia of the theory developed by Townes and Dailoy. The dependence of the chlorine 
nuclear quadrupole coupling constant and dipole moment on tbe chemical bonding state of 
BrCl molecule has been mveatigated. Neither the amnunt of the hybruh/iivtion nor the 
ionicity of the bond could bo uniquely determined. However, fixing a probable percentage 
ionicity of the bond (10% obtained from the electro-negativity consideraiioiis) it is found 
impossible to explain Iho observed coupling constant without the introduction of s% whereas 
iho observed dipolo moment cannot be explained without tho introduction of d%. 

Tlie change in quadrupole coupling constant for the isotopic substitution of chlorine 
is found predominantly duo to the change in the corresponding nuclear quadrupole moments. 

INTRODUCTION 

One of tho fundamental quantities determined by pure quadrupole resonance, 
microwave and molecular spectroscopic observations is the value of pqQ which is 
cl measure of the orientation energy of the nucleus in an asymmetric electric field 
and is known as tho nuclear quadrupole coupling constant. Here Q is the nuclear 
quatlrupole moment, an inlierent property of the nuefeus and g is tho field gradient 
at tho nucleus due to tho various charges outside the nucleus. A theoretical 
estimate of coupling constant is possible only when both Q and q can be exactly 
determined. Of these Q may be estimated assuming a suitable model and poten- 
tial function and the evaluation of q may, in certain simple cases be deduced, 
by a method due to Townes and Dailey (1949). 

In the case of atoms, the field gradient ‘g'* can be evaluated from the hyper- 
fine structure data. But it is slightly altered when the atom is bonded to another 
atom, through a single or multiple bond. Townes and Dailey (1966) suggested, 
the relation 


/, being a function dependent on the molecular electronic structiure and explauaed 
in tenns of (i) Bonding state of the molecule and (ii) Ionicity of the bond. Schatz 

*Coinmunicated by Prof. A, K. Saha. 
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(19/54) made use of this relation to study the nature of 7’ in the chlori g coupling 
constant in the case of HCl and CH 3 CI molecules where both H-Cl and C-Cl bonds 
were assumed to have a small ionic contribution and also the chlorine bonding 
Wave function was supposed to be an a-p-d hybrid. An attempt was made by 
Schatz to evaluate a number of parameters such as percentage a, p, d in the bond- 
ing and non -bonding chlorine functions and ionioity of the molecular bond from 
the observed dipole moment of the molecules, "though there was an ambiguity 
in fixing up the chemical bonding state of the molecule to explain the observed 
chlorine eqQ, the hydrogen-hke Slater or Morse-Hydrogen-like wave functions 
could qualitatively explain the nature of the variation of eqQ with different 
8 - 2 i-d hybridizations. A study of Ig molecule by D. V. G. L. N. E.ao(19/)9) on 
these lines indicated 10 % 'i- Character. 

In the present investigation, BrOl molecule is chosen for a similar study 
in view of its low ionicity (Gordy et al., 1953) and the feature that the chlorine 
bonding state is a hybrid one. The study is extended to both the isotopic mole- 
cules Br’* CP® and Br’® CP’ with a view to determine the change in coupling 
constants through ( 1 ) difference in Q values of nuclear isotopes CP® and Cl®’ and 
(ii) change in ‘g’ arising out of the difference in internuclear distance i.e. through 
overlap and moment integrals. 

The procedure has been to study the relationship between the chemical 
bonding state and the quadnipolc coupling constant on one hand and dipole moment 
on the other. An approximate quantitative estimation of the hybridization is 
found possible only when one can fix the % ionicity of the bond, as that obtained 
from the electro negativity considerations (Gordy et al., 1953). 

CALCULATIONS 

The bromine and chlorine atoms have the ground state configurations 4s®4p® 
and respectively for their outermost electrons. The actual state of the 

BrCl molecule can be described as resonating between the two possible electronic 
structures Br-Cl, the covalent extreme and Br+Cl~, the ionic extreme. A third 
possible structure Br“Cl+ is neglected since the chlorine (3.1) is more electronega- 
tive than Bromine (2.9). 

The bonding wave function representing the state of the molecule is taken 
as predominantly covalent with partial ionic character, the contribution of the 
two being given by 1 and A( < 1 ) 

~ ; oi~ 

= A[f,^(l)^^(2)+^,,(2)f^(l)+A«l)^,,(2)] 

whOTe A is the normalization factor. In order to realize a strong molecular bond, 
the bonding electrons are assumed to be moving in admixtures of s, p^ and d^^ 
atomic orbitals. Thus 


fa = 
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where a®, 6“ and c® represent the percentage s-p-d hybridizations, 
and a 2 + 62 _|.c 2 ^ j 

The ortho -normal non-bonding wave function is of the form 

^nb = + 


satisfying the conditions that aa' -\-hb' -\-cc' = 0 and a'® = 1. In the 
actual calculations, the contribution of d-orbital in the non-bonding wave function 
has boon taken as zero, since the calculations are insensitive to the magnitude of 
the parameter (Schatz, 1964). 

The total expression for the chlorine nuclear qiiadrupole coupling can bo 
deduced by analyzing separately the contributions to the field gi’adiont 'q' from 
tho following sources. 

(i) The electron-pair forming the molecular bond, (li) tho i)airs of 3px and 
3py electrons which remain uniiolarized (iii) the non-bonding lone pair electrons 
which make a contribution whenever a and c are not zero, (iv) Electrons consti- 
tuting the inner shells of the chlorine atom and (v) the nucleus of tho Bromine 
atom along with its surrounding electrons expect the one involved in tho molecular 
bond. 

Tho inner shells of the chlorine atom will be generally spherically symmetric 
and any change in the field gradient resulting through tho perturbation destroying 
su(!h spherical symmetiy of tho inner shells (Sternheiinor effect) by both tJic 
quaduupolc moment and valence electrons is only of a minor order (Das and Hahn, 
1958) since we used the experimental ipiadrupole coupling constants for both 
tho atom and molecule and hence is considered as negligible. Tho effect of the 
Bi'oniino atom may be regarded as equivalent to that of a unit -\-ve charge placed 
at the position of the Bromine nucleus. The contribution of the bonding elec- 
trons is 




where 


9b«;I= WWl) 

fa and Oa are tho parameters as shown in Fig. 1. q^ioi and q^rg, have similar ex- 
pressions. The total overlap ! ^ ' 

S = S^p^p-^C and S^p^i ; 8^p^p and 

S^p 2 d are the overlap integrals between the suffixed orbitals. 
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Oi-tjin 

2(i) • n.«. £03 0^ 

Fig. 1. Co-ordinate system. 


Eaoli pair of Sp* and electrons contribute an amount ‘ipz to the 

field gradient and the total expression for the coupling constant together with the 
contribution from the Cl non-bonding electron pair (given as eq^hQ) is 


egO = eQ(qi,-2q,r^ +g„t) 

This expression is further simplified as follows. The q integrals q-^isp^’, 
and q^p^dzz vanish due to their angular parts. The rest of the cross- integrals 
of the typo can be neglected as a first approximation. Thus 


eqQ = eQ 


(l+A*-f2AiS)62 

1 + S^+2\J3+\^'I2 


-2(l-fc'2) ] < 


The experimentally determined atomic quadrupole coupling constants (Davis 
et at, 1948) —110.4 Mo/Sec and —86.2 Mo/Seo, were used for 01*® and Cl®’ nucleii 
respectively. 

The expression for the dipole moment (Robinson, 1949) of the molecule is 

^ = e{R-2Enb-^^b) (2) 

where Zi is the average value of the Z- co-ordinate of a bonding electron and 
Zjib is the same quantity for a non-bonding electron, e is the electronics charge 
and R is the mternuolear distance and 

^ _ M{l+X^-\-2\S)+RI2+(8+\)P 
^ ' "”l+5a+2Aisr+A»/2 

Z„i, = 2aV Jf3fi3p,+26V Jf3j0fc3dxa+2cV MZaM^ 



On Nuclear Quadrupole Coupling Constants, etc. 26 S 

where S is the total overlap and 
P^a 6 

M = ab -\-hc M 

The various overlap and moment integrals such as 

'^47)3« = J dr{\) ; = J ^,^(1) Z{\) ^^.(l )dT(l) 

are ovahiated (Appendix I) for the isotopic substitutions Br’*’ CP® and Br’® CP’ 
employing the intcr-nucloar distances 2.13866A and 2.1I464A respectively. 

Hydrogen-like wave functions (Pauling and Wilson, 1936) for chlorine 3^, 
3p* and states and Bromine stale vnth scioonmg constants (Pauling and 
Shormann, 1932) (sg., ^ 8 26, Zg^, — 6.54, Zg^ — 3.63 and z^^, - 8.84) are used. 
The structural are taken from the microwave observations reported 

by Smith £). F. (1950) (d al. (/^ — 0.57 Debye units). 

The numerical values of the various overlap and moment integrals for the 
two isotojiic substitutions are given in Table 1 . 

TABLE I 


Values of overlap integrals Values of moment intograla 



Dr7u 0180 

Br7» CJ37 


Br7f» 

Br7i» C187 


0.3097 

0.3249 


0 5i;i5 

0.5135 


0.3217 

0 3651 

^^ipz-i^zz 

0 5199 

0 5109 

^ \pSdjiz 

0.04776 

0 03.625 

ussdzz 

0 

0 




M ijja» 

0 . ] R09 

0,1836 




^4papz 

0 2936 

0.3263 





0.01868 

0 004423 


UI'JSULTS AND DISCUSSION 

Graphs drawn (Appendix II) using equations 1 and 2 representing the depen* 
dence of the dipole moment as well as qiiadruiiolc couidmg constant on the amount 
of lOTiicity of the molecular bond and various iiercentagc of s-p-d hybridization are 
given in figures 2, 3, 4 and 6. The dotted lines across the cuives in the figures 
are the experimentally determined value.s and the numbers on the curves indicate 
respectively the s and d percentage hybridizations. 

Dependence of eqQ 

Neglecting overlap effects, the observed eqQ can bo obtained only when the 
bond aBSumes 30% ionioity in ease of CP® and 33”/o in case of CP’ which are very 

4 



Degree of lomcity. 

Fjg. 3. Variation of quadrupolo coupling, oonatont with lonicity and hybridization for Br^tOl^ 
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Fig. 4. Variation of dipole moment with lonicity and hybridization for 

large compared to the value 10% obtained on the basis of olectro-nogativity 
consideration and hence there is a necessity to decrease the ionicity of the bond. 
However a change in the electro-negativity of the atom can be produced, if the 
chemical bonding state of the atom is changed, thus leading to a change in the 
ionic character of the bond i.e. treating the chlorine bonding wave function as not 
a pure state but as an admixture of both 3s and 3d states. Wo note (see Fig. 
2, 3) for any s-p-d hybridization eqQ decreases with increasing, A. 

The effects of s% on the eqQ is studied assuming two possible hybridized 
chlorine bonding wave functions and three ionic characters 0% (A = 0); 10% 
(A = 0.33) and 20% (A = 0.5) and results are graphically represented in Fig. 6. 
It can be inferred that eqQ attains a maximum value for s% ranging from 0% to 
2% and for any value of s%, | eqQ\ decreases as A increases and it is also true 
that as d% increases the corresponding maximum is lifted up. 

If the bond is a pure covalent (A = 0) introduction of 16% to 20% .s-charac- 
ter without d-hybridization can explain the observed value with an increase of 
^-percentage (approximately between 20-25%). If the bond were to assume 10% 
ionic-character (A = 0.33) still a smaller 5% (10 to 15) can explain the observed 
eqQ. Here also it is observed that a% should bo increased when d% assumes 
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Fig. 5 Vui’iation of dipole moment with lomcity and hybridization for 

10 in order to realize the experimentally observed eqQ. Similar behaviour is 
seen when the ionic character is further increased to ii0% (A 0.5). 

In all the above cases it is seen that 5% exceeds d% and the amount by which 
it exceeds decreases with increasing A. This is not in agreement with rough 
estimates made by Whitehead and Jaffe (1961) who stated that a small without 
a% can explain the observed eqQ. 

On the other hand it is found impossible from the results to explain the ob- 
served eqQ without the introduction of a-%. This is in agreement with Townes 
(1958) rule that in the case of bonding Cl, Br and 1 a 15% .i-hybridization is 
possible if they were bonded to more electropositive atom by 0.25. Further d% 
in these cases appears to be neghgible as far as ‘g*’ is concerned, in conformity 
with the rule. 

For in Br’® CP® the experimentally observed quadrupole coupling cons- 
tant can be obtained with 10% ionic character of the bond i.e. (A - 0.33) when 
d = 0% and 5 = 13% and also when d = 10%; s = 19%. It can be concluded 
in view of the Townes rule that a 13% s with no d-hybridization is perhaps more 
reasonable if a 10% ionioity is fixed. This estimate of s-hybridization differs 
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from that made hy Gordy (J951, 1955). For Br’® CP’ the observed coupling 
constant (—81.14 Mc/kScc) is explained fixing A ^ 0.33 when d ^ 0"/, and ^ 14% 
and also d — 10% A‘ = 19%. From the above data, the isotopic substitution ol 
Cl does not effect tho hybridization in spite of changes in the values of overlap 
and moment integrals which arc functions of the mter-nucloar distances. 

TABLE II 


Observed coupling fi% d% \ Uiiroretu-e 


Cl3^‘ 

-103 G Mc/Soc. 


0 

0 24 X 

0.07 

0137 

- 81.14 Mc/Soc 

15 

0 

0 31 J 




10 

0 

0 433 ^ 

0 . 054 

C137 


10 

0 

0 . 487 J 


(’13& 


0 

0 

0 047 ^ 

1 

[ 0 046 

C1.37 


0 

0 

0 (iO.-l ' 

1 


Furtlier, from the data in Table II in the case of the isotojiic substitution 
tho difference in xiercentage lonicity of the bond (3 to 4%), tliough small, in- 
creases with increasing .s‘% hybridization. A change of 0.07 in A will produce a 
change in the by 2 to 3 Mo/Sec. 

In view of the i^.bove discaission it can be inferred that tho large change in 
tho observed qiiadrupolo coupling constant ( 103.0 Mc/Sei; in and —81.14 

Mc/Sec in 01^’) is, mainly due to change in the Q values. In othei words, roughly 
the same field gradient is exiierienced by each 01 isotope in tho compound. This 
has been (^xiieriirientally demonstrated, in general m a miniber of comjiounds 
by Livingston ami also by Wang (1952). However, a negligibly small contribution 
to the fiehl gradient ‘7’ can be expected through changes in the inter nuclear dis- 
tance and lonicity oi the bound for the two isotojiic sjieincs. 

Dependence of dipole imnteni 

As regards the dipole moment, neglecting tho overlap effects, it is seen from 
tho observed value that the bond assumes A = 0.110 leading to 1 .3% ionic character 
m Br’* CP® and 0.99% ionic character in Br’» CP’ which are much smaller than 
those obtained from the luirrosponding observed eqQ value (30% ionic character 
for Br’" CP® 33% ionic character for Br’® CP’) and also that obtained by clcctro- 
negetivity considerations. However, for any s-p-d hybridization the dijiole moment 
increases with increasing A. 

For a pure covalent structure (A ^ 0) « 0.7% a - hybridization without any 
rf% can explain the observed dipole moment if the bond were to assume 0.99% 
ionic character. But if the bond has 10% ionic character, the observefl dipole 
moment cannot be explained unless a d%-hybridization is intioduced (5 — 0.7%; 

A - 10% d = 10%). 
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eqQ ~ <^cj> thus a change in electron distribution 

near CP'*}'’’ wjU effect eqQ cionsidcrably, whereas //, will be affected for change 
in electron-distribution away from CP®,®’. So with a given value of A and 5%, 
the increase in d% will increase egQ because of non-sphericity of but the % 
change would not be large since extends away from chlorine nucleus. 



Fig. 6. Variation ol qimiliupolo loupliiig constant AVith .9% — hybridization for different X 
values and two diffoient d% — hybridizations for both isotopio substiUitions* 



On Nuclear Quadrupole Ooupling Constants, etc. 271 

Again since hybridization has the effect of spreading out the cliarge in 
the molecule, /i will decrease as d% imireases and the % change will be considerably 
larger because extends away from 

This is also shown up in the data in figures (i and 7. For A ^ 0.33 «% ^ 10, 
eqQ changes by — '6% when fi% changes Irom 10 to 0. For //, this change is 
— ^40% and if A — 0.33, d% — 10, eqQ changes by 10% ivhon .s’% changes from 
10 to 2, the corresponding change in /i being — ' 70%. 

This shows, that with a reasonable value of A, it would not bo possible to 
fit both eqQ and p with the same hybridization. 

TABLE 111 


Relative .s and d percentage liybridizations at 10% lonhaty 


«% 

d% 

loiucily 

iVVr>) 

•'*% 

d% 

ioniuil.y 


1 

311 

i0% 

0 04 

2 

33 

io% 

0.50 

1 

20 

J0% 

•) 35 

2 

12 

10% 

0 01 

1 

10 

10% 

0.75 

2 

6 

10% 

1 30 


It is also clear (see Table 111) that d-percentage exceeds that of s-peroentage 
to explain the observed dipole moment for both the isotopic substitutions. But 
the 5% should exceed d% to explain the observed coupling constant, with percent- 
age ionioity fixed at 10. 

(j O N 0 L U S I O JSr S 

From the above discussion it is noted that the amount of s-d hybridization 
which explains the observed isouphng constant with 10% ionic character fixed 
from electronegativity considerations, fails to account for the ubsei-ved dipole 
moment. A simultaneous explanation of both the observed quantities Avith 
roughly the same hybridization can be achieved by suitably adjusting the ionic 
character. However in such case, one must assume unreasonably high values of 
ionicity compared to the estimate from the electronegativity data. 

Previously Sehatz has attempted for a .simultaneous exiilanation of coupling 
constant and dipole moment m case of CII3CI by deducing the ionic character 
from the dipole moment without success. This inconsistency of the hybridization 
(and ionic character) contributing differently to the tivo physical properties may 
probably be duo to the adoption of the same wave functions Dailey, and Townes, 
1965) or due to the neglect of polarisation effects and the contributions of 
lone pairelectroiis of Br atom in the evaluation of dipole moment (Robin- 
son, 1959). 
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APPENDIX I 

METHOD OF EVALXJA^TON OF OVERLAP AND MOMENT JNTECRALS 
The OvnJaj) Intffjmh : 

An overlap integral of tlic type is defined as 
and dr — sin Q„d(lad4ciira is th® vnlnmo element 


' «o ' 32x/l5 2 


Tij cob Ofj 



4^0 


+ 


4s^ 


|e 4<i(, 

^/27T 


a 


^ A I'e- f 

(Vsl «o 9o„= 2 


... (Tl) 


Tlic parameters R, ir„, Oa, rj, and are those indicated in the Figure 1 and «(, 
is the Bohr radius. The values of and are given in the body. 

The integral (T) with the substitutions of (II) can be evaluated in terms of 
spheroidal- coordinates /; and We have, 




This transformation of coordinates allows us to express the integrals (I) in 
terms of A^(a) and B,yi{oLp) where 
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= J but 


BM - 


2 

m+1 


for 


m'even and 


= 0 for m odd. 

The values of A„j, (a) and (a/?) for the required values of 

ac = ^ — ^'4j>+3'ns ^ and fi = 

^ 2:'4p-l-2'a» 

wibh = z^pj-i and z^'g =- z^al'^ 

can be obtained by iiitorpolation from a tabulation of values of these integrals 
by Kotani et at. (1955). 

The. moment Integrals 

The moment integial is gi\on by 

^4pj« = J (Ill) 

where Z{1) is the ^-coordinate of the cleetron and is equal to cos 0^. ifr^p and 
have the same expressions as given in (II). AgJiin, we can express the integral 
(III) in terms of (a) and 13^ (a/?) by the use of sjiheroidal coordinates which 
allows a sti aightforward computation of the numerical value given in table (lb) 

APPENDIX 11 

For any two given s and d percentage hybridizations, the values of eqQ and /i 
lor various A-values can be obtained by evaluating H, P, M, h“, and c'“. 

The expressions for S, P and M arc given m the text, and a'‘^, can be deter- 
mined from the orthonormality c,onditions ol bonding and non-bonding wave- 
functions. The contribution of the d-orbital in tlie non-bonding wave function 
has been taken as zero, m the actual calculations for the reasons stated 
previously. 

The equation ( 1 ) reiiresenting the quadrupolo coupling constant contains 
the total overlap S, which includes the iiercontage of rf-liybridization. 
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ABSTRACT T]ie clmngos in tho fiequenoies of mfrarod iib, sorption bunds duo to N-U 
stiritclnng vibi'tttions in puro ortho-, jnola-, ]iam-chlorn- and nitio anibno and in tlioir Bolutions 
in diffei’ont polar , solvents with rospoft to tho values in Holiitiona in carbon totrachlorido have 
been moiiaurod, Tt has been obseivod that the reduction in the N-H stretching lorce constant 
in difforcnt solvents with respect to its value in carbon tetrachloride solution boars a linear 
relationship with tho sum of the shifts of the two fiotpiencies. It has been tound that there 
IS no sYstemutic depondeiico of tho total shdts eithoi on the dioleotrie constants of the Nolvonts 
or on the dipole moments ol the molecules of the solvents 

I N 'J’ 11 0 D 11 C T 1 0 N 

■Recently, Krueger (1902) has elaborately disoussod the variations of the 
N-H stretching force- constant and the interbond HNH angle of the NH^ group 
of a large number of substituted anilines in solution in carbon tctracliloride with 
the variation of the Hammett cr-factor ol the substituent atom or group ol atoms 
and also witli the state of hybridisation of tho N-H bonds. ‘Earlier, Bryson 
and Werner (1960) bad sliown that information regarding the existence of intra- 
molecular hydrogen lionds in some iiitrosubstituted anilines and naphthyl aminos 
can be obtained Irom a study on the ehange in the N-H stretching force constant 
of the NHa group in the molecules of these compounds with a cliaiige of the solvent 
from carbon tctrac-hloTide to pynduie. More recently, Mcdhi and Kastha (1963) 
have concluded that the shifts lu the N-H stretching frequencies of aniline and 
a number of methoxy-and ethoxy-anilines in the liquid state and m solution 
in some polar solvents relative to the frequencies in solutions in dilute carbon 
tetrachloride depend on tho electronic nature m substituent groups, the rela- 
tive positions of substitution and on the nature of the solvents. In the present 
work the investigation has been extendoAi to the ehloro- and mtro- derivatives of 
aniline and the results obtained have been discussed in the following paragraphs. 

E X I* E K T M E N T A L 

The substances investigated are o-, w- and p-chloroanilme and o-, m- and 
■ «.,utro»nilmeB, Chemically pare samples of these compounds wore obtained 
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from reputed finuH of U.K. n.nd West Germany. The ohloroanilines were frac- 
tionated and the solid samples of the niiroariilines were crystallised from suitable 
solvents. All the compounds were then distilled under reduced pressure. The 
solvents used were purified and carefully dried. The infrared absorption spectra 
of the iJine compounds and their solutions in different solvents wore recorded 
on a Perkin-Elmcr Model 21 double beam instrument provided with rock salt 
optics under conditions described in an earlier paper (Bancrjee and Kastha, 1962). 
In order to complete the investigation infrared absorption in nitroanilines in 
the solid state at the room temperature was also studied. The melting point of 
the nitroanilines being high, the spectra of the melts of these compounds could 
not be recorded, and instead, the 8 i>ectra due to the compounds mulled in para- 
Hill oil were obtained. The absorption bands due to N-H stretching vibrational 
frequencies of aniline in dilute solution in carbon tetracliloride were recorded 
from time to time throughout the investigation to check the reproducibility of 
the recorded spectra. 

RESULTS AND D [ S C U S,S I O N 

The symmetric and asymmetric N-H stretching vibrational frequencies 
in cm”i (denoted by and respectively) of the pure compounds and ot their 
solutions in different solvents are given in Table 1. The values of the sum of the 
shifts in the N-H vibrational frequencies in cm~^ (Av^+Av^) of each of the 
compounds in the different environments relative to the frequencies of the com- 
pound in dilute solution in carbon tetrachloride have been entered in Table JI 
which also contains some data obtained in previous investigations for the sake 
of comparison. The Hammett v-factors for the various Bubstituents and the 
pK„ values of the bases, all taken from a paper of Whetsel (1901) liave been in- 
cluded in both the Tables. 

It is seen from Table I that the N-H stretching frequencies of the pure 
compounds and of their solutions in polar solvents are lower than those of the 
respective compounds in solution in carbon tetrachloride. This lowering of the 
vibrational frequencies is attributable to the formation of intermolecular hydrogen 
bonds as suggested m an earlier paper (Medhi and Kastha, 1963), If the N-H 
bonds are not greatly weakened due to the formation of the hj’^drogen bonds, 
the decrease in the N-H stretching force constant in dynes om”^ is approximately 
given by A/ — 6.52 x 10 “®(vaAvg-t-v^Avfl) where vg and Va are the vibrational 
frequencies in cm"^ of the molecule in solution in carbon tetrachloride and Avg 
and Av„ denote respectively the decrease in the values of the symmetric 
and asymmetric frequencies in passing from CCI 4 solution to the medium in wliich 
hydrogen bonding takes place. Remembering that Vo ~ Va(14-(^) where 5 is a 
small fraction and that Vj ~ 3400 cm“^, we find A/ 188(Av«H-Avo) This shows 
that to a first approximation the reduction in the value of the N-H stretching force 
constant is proportional to the sum of the shifts in the two N-H stretching fro- 
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queneios. Tho values of the N-H stretching force constant of the compounds 
in the liquid state and in solution in carhon tetrachloride and the polar solvents 
have been calculated and the decrease m the force constant (A/) with respect 
to that of the respective compounds in solution in CClj has been obtained in 

TABLE 1 

N-H stretching frequencies v, and in cm“^ 


Namo of tlm 

compound Pure Solution in 


and 

Hammott. a 

Solid 

Illiquid 

0(9 1 

OH 01:, 

(('H,).CV(rJhhO 

(CH.,),0 

Cr,Hr.N 

V^i\ 









o-Cliloio 

aniline 


3380 

3406 

3400 

3379 

3367 

3358 

3330 

2 79 


3453 

3485 

3480 

3444 

3462 

3445 

3442 

»u.(!Kl()i'o 

aniline 


3373 

3408 

3400 

;):i83 

3372 

3302 

3340 

0 373 

3.r)2 


3438 

3485 

3473 

3443 

3450 

3436 

3430 

p-Cliloro 
anil i no 


3380 

.3405 

3103 

3383 

3377 

336.5 

:I342 

0 227 

4.05 


344.3 

3180 

3468 

3449 

34.50 

3430 

3439 

n-Nitro 

aniliiio 

.3337 


3410 

3410 

3372 

3300 

3340 

3306 

—0.05 

3465 


3.520 

3516 

3482 

3480 

3474 

3466 

w-Nitio 

aniline 

3319 


3411 

3411 

3386 

3377 

3368 

3344 

0.710 

2.52 

.3406 


3493 

3493 

3467 

3462 

3433 

3345 

j)-Nitro 

aniline 

3360 


3421 

3420 

3384 

3370 

3360 

3340 

1.270 

0.99 

3478 


3603 

3606 

3465 

3443 

3428 

3467 

Aniline 


3360 

3402 

3398 

3380 

3370 

3364 

3340 

* 0.00 

4.68 


3420 

3476 

3460 

3460 

3448 

3438 

3430 
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TABLE II 


Total Hhift ill N-H stretching frequencies (Avg-I Av„) in cm~i 


Copiiioiind 

Hapunel i cr 

Pun 




.Solution in 



.Solid 

Liquid 

OITLla 

(CHahOO(r:n>i,,),() 

(CH .)40 


o-Cliloro anilmo 

2,79 


58 

11 

68 

62 

88 

119 

??i-Chloro ail] lino 
0,973 

9 52 


82 

20 

07 

71 

95 

123 

^-Chloro aniline 
. 0.227 

4 05 


62 

14 

53 

68 

90 

104 

o-Nitro ttiulino 

-0.05 

128 


4 

76 

00 

116 

100 

n«Niiro aniline 

0.710 

2 62 

179 


0 

61 

65 

103 

115 

2 )-Nitro aniline 

1 27 

0 99 

86 


-1 

85 

111 

1.36 

117 

Anilino 

0.00 

4 68 


98 

20 

48 

64 

70 

108 

o-Anifiidino 

4 59 


5.S 

32 

46 

,95 

55 

117 

m-Ani-ydiiie 

0 115 

4.32 


76 

24 

51 

54 

76 

108 

j;-AniHi|rHno 
-0 268 

6.40 

ir.2 

82 

32 

40 

49 

54 

88 

o-Phenetidine 

4.47 


62 

38 

51 

40 - 

66 

123 

m-Phnnetidine 

0 150 
_ 4.17 - 


80 

29 

50 

58 

77 

108 

o-Tolnidine 

4 . ’53 


59 

24 

45 

42 

76 

80 

m-Tolnidine 
, -0.069 

4.81 


78 

27 

36 

45 

75 

80 

jj Tolindino 
-0.170 

86 

74 

33 

52 

55 

78 

82 
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eaoh case. The plots of the total shifts (Avg-l-Av^) against Af for some of 
the compounds shown in Figs. 1(a) and 1(b) arc found to bo straight lines, 
as exiiocted. 



111 cni-i (Ai/g-l- A^tf) in oriri 

(a) Hi) 

I'lg. 1. Kolu/iioij liol'WCHm tliu tottil solvent sliifla (Avg-l- Ai'n) m cm 1 and deoreaso in 
N-K htiotohing I'oroo L-oiistaut (a I’) of (a) aniline, (h) m-chloroamlino. 

In a previous paper (Medhi luid Kastha, 1963) it has been pointed out that 
the i>iots of the mean solvent shifts i.e,, i(Avs+Avtt) of aniline in diiferont 
environments against the iioivespondmg fpiantitios for some substituted amhnes 
under similar conditions arc sti'aight lines with slopes different for the different 
compounds. In the present investigation similar grajihs have been plotted for 
the compounds studied and some of them are shown in Figs. 2(a), (b) and (e). 
All the graphs are straight linos havmg different slopes. The values of the 



(Ari-HAi'a) of auilmo m cni-i (A»'s + A»'«) of anilmo in cni'i 

(n) (^) 

Fig 2. Plot of total .solvent Rkifts (Ai's eni~* of 

(ii) o-nitroanihne and o-chloroanilmo (b) m-nitinanilme and p-chloioanilmo 

slopes (denoted by S) obtained in the i»rcsent investigation and also from data 
due to compounds investigated earlier, have been plotted against the corres- 
ponding pKa values of the bases in Fig. 3 and the two quantities are found to 
bo linearly related. This indicates that the S-valuos of the compounds may be 
taken as a measure of their pK^ values i.e , the proton donating (iapacitics of 
the different bases with respect to aniline itself. 
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(Ai's l-A^a) of aniline in um'i 
Fig. 2(cj). Plot of total solvent ahiffcs in om~i of 

jn-Chloroanilmo against those of alinme 



Fig 3. Dependenoo of slopes (S) of values of compounds. 

It is seen from Table II that in the case of the solution of the compounds 
ii chloroform, the total solvent shifts for compounds having negative c- values 
arc greater while for compounds which have positive (r-factors the shifts arc 
smaller than that for aniline. This may be due to tbc fact that for positive cr-fac- 
tor, the positive charge on the N-atom of the NHa group in the molecules increases 
and consequently the strength of the hydrogen bonds formed between the N-atom 
and the hydrogen atom of the solvent molecule (of. Moritz, 1961 ; Whctsel, 1961) 
decreases. 

The situation, on the otherhand, is just the reverse in the cases of proton- 
acceptor solvents such as, acetone, ether, tetrahydrofuran and pyridine. For 
ally of the aniline compounds, the shifts are largest in the case of its solution in 
pyi’idine and of the three isomers of a given compound the lowering in the N-H 
frequencies due to a change of the solvent from CCI 4 to pyridine is maximum 
for the ortho-isomor. Tliis fact is in disagreement with the results reported by 
Bryson and Werner (1960). This discrepancy may be due to incorrect values 
of the two N-H frequencies due to the meta- and para-nitro anilines used by 
them. 

It is observed that for aniline and substituted meta- and para -compounds 
of aniUno the magnitude of the solvent shifts increases as the solvent is changed 
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successively from acetone to ether, tetrahydrofuran and pyridine. The ortho- 
compounds, however, behave differently, the shifts in solution in other being less 
than that in solution in acetone. This may be due to the steric effect as suggtisted 
earlier (Medhi and Kastha, 1903). 

The effect of steric hindrance on the strength of intermole cular hydrogen 
bonds is also discernible from an examination of the data on shifts in the N-H 
frequencies of some of the pure aniline compounds in the liquid state with respect 
to the values for the solutions in CCl^ as given m Table IT. It is seen that the 
shifts for the ortho -compounds arc less than those for the meta- and para-cojn- 
pounds. However, in all the cases the total shifts are less than that observed 
in the case of the parent compound aniline, which probably indicates that the 
relative charge difference on the N-atom and the H-atom in the virtual bond 
of the N-H. . . .N bridge is less in the substituted anilines than in aniline itself. 

Finally, it would be of interest to find out whether there is any systematic 
depoiidonce of the total solvent shifts in the various polar solvents on the dielec- 
tric constant of the solvents and on the dipole moments of their molecules. For 
this purjiose the data have been collected from Landolt-Bornstein and Interna- 
tional Critical Tables and are given in Table 111. 


TABM III 


Nulvenl/ 

Chlorofoiin 

Acef one 

Ether 

Tetrahyrh'o 

fiiran 

Pyridine 

Dijinlo jnomoni in 

Debye unit 

i 10 

2 71 

1 .04 

1 71 

2.26 

DielocU’jc cuiistani 

5 05 

21 40 

1 33.5 

-- 

12 5 

Solvent- flhifi of 
aniline in ora."^ 

20 

48 

.5'! 

76 

108 


It IS seen from the table that there is no systematic relation between the 
total solvent shifts and the values of the two constants. 
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An x-ray study of the f.-CuCd» phase 
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ABSTRACT. An X-ray atu(iy oj' the e-CiiCdt plmso haw been made. The powder 
ddfractiun pattern of the phaao has boon mdexod on the basis of a hexagonal unit coll with 

a = 8.10A, c _ 8.76A. 

1 X T R 0 D U C T J 0 

Th(5 preficnt paper reports the preliminary cryKtallographii; data of the 
fi— CuCidj phase on the basis of its X-ray powder dilfraotion pattern. Earlier 
X-ray study indiijated a very complex pattern for this phase and no attomiit either 
to interpret this pattern oi’ to determine the crystal structure appears to have 
been made (Owen and Pickup, 19118). During the progress ol the piosent work, 
Borg (lOOl) roiiortcd only the unit coll dimonsionH of the e-phase fron; single 
crystal rotation jihotographs. 

ICXPEKIMENTAL DETAIl. S 

According to the phase diagram imblishcd in Metals Handbook (1948) the 
^i-phaso occurs exactly at the (5onix3ositiou CuCdg, and is rei)reseiited by a vortical 
line. On the low ooiiceiitraiion side of this composition the alloy is a mixture 
of c-jihase and rJ-xihase with y-brass tyjie structure, the high cadmium side being 
a mixture of e-phase and i/-phase of cadmium lattice. The alloy investigated 
was made from siioctroscopieally jiurc Mathc}'^ Cojijicr and Cadmium to the liompo- 
sition OuCd^, the weight loss on melting the elements in an evacuated pyrex tube 
being megbgible. However, slightly exces,s of Cadmium was used to compensate 
the loss of cadmium by sublimation, if any, and also to avoid t)io occurrence of 
the complex ^'-jiliase. The alloy was homogenized at 300° C for a few days after 
which filings were obtained with a No. 1 file. The jiowdei was annealed in an 
evacuated pyrex tube at 250° C for 4 hours and then air-cooled. Powder X-ray 
diffraction ijliotograjihs Avore taken on a straumanis-type Debye -Sherrer camera 
of ] 14.6 iiiin. diameter using CuKa railiation. Two alloys with slightly higher 
and lower cadmium concentration than the composition Cu(M 3 were also prejiared 
and their diffraction patterns were recorded. A coiniiarison of the films showed 
that the alloy under investigation eontained very small amount of 7y-phase and 

* Present Address ; — National Motallurgiual Laboratory, Jamshedpur, India, 
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iho few weak 7/-lineR wore eliin mated. A difference diagram (Lipsoii, 1949) wafj 
plotted by taking the values of the lirst 20 Ioav angle linos. 

I N T E R P R E A T r O N OF DIFFRACTION PATTERN 

It was found that the lines could be indexed oithoi’ on a tetragonal unit coll 
withffl = 1 0.23 A and c — 11. 70 A , or on an orthorhombic iniit cell with a = 14,08 A 
h — 12.20 A and c — 11. 70 A taking wave lengths — 1.54051 A and 
= 1.54433 A for c<jpper radiations. 

It was hoAvevor noted that tho different axes bear the ratio 

fhelrah^'nrtho = f^oHholKrtho ~ — 1.154, 

a value, v'liich »suggestod the jiossibility of a hexagoiiiil unit cell. The lines wore 
then indexed (Quiider, 1902) on tho basis ol a hexagonal unit coll with a — 10.23 A 
and c — 10.04 A. However, the indexing was not very probable, although the 
agTeement between observed and calculated values were very satisfaislory. A 
further attempt with accurate diffracto metric measurements has lieeii made to 
obtain a smaller unit cell for the t-phasc. Finally, the powder diflraction pattern 
could bo indexed on tho basis of a smaller hexagonal unit c-eU with 

a =- S.lOA, r — 8.70 A and eja — 1.08 

which is axiproximately one-cighth of the previous hexagonal unit. 

Tho powder dd'fi action data are given in Table I, 


TABLE I 

Powder diffraction data for e-OuOdg; CuKjo radiation 


H\l 

Sin2fl 

(cttlculatod) 

20 2 

.0794 

10 3 

.0823 

21.1 

0923 

30.1 

.110.5 

00.4 

1261 

30.2 

1400 

22.0 

.1460 

31.0 

.1570 

22.2 

.1702 


Siting Intensity 

(observed) 

0805 m 

.0829 rn 

0929 vw 

. 1174 s 

1260 m 

.1410 vw 

1460 m 

.1566 

.1780 


vw 



B. N. 

Dey and M. A. Quader 

Intensity 

31.2 

.1882 

.1890 

vw 

40.0 

.1933 

.1940 

vw 

10 6 

.2074 

.2079 

ww 

32.0 

.2205 

.2280 

vw 

11.6 

.2316 

.2300 

vw 

30.4 

.2338 

.2340 

vw 

32.1 

.2373 

.2380 

vw 

20.6 

.2437 

.2440 

vw 

40 3 

2636 

. 2623 

w 

22.4 

.2701 





.2700 

w 

00.6 

.2814 



10 6 

.2934 

.2811 

w 

32.3 

.2998 

.2936 

vw 

30.6 

.3042 

.3000 

s 

60.1 

.3099 

.3067 

8 

33.0 

.3262 

.3114 

vw 

33.1 

.3340 

.3270 

w 

42.1 

.3461 

.3336 

B 

30.6 

.3900 

.3450 

ww 

10.7 

.3960 

.3890 

w 

32.6 

.4249 

.3942 

vw 

20.7 

.4313 

.4242 

w 

60.1 

.4428 

.4296 

vw 

33.4 

.4513 

.4445 

w 

62.0 

.4712 

.4515 

w (diffuse] 

62.1 

.4790 

.4723 

vw 

00.8 

.6004 

.4796 

w 

61 6 

.6698 

.4984 

vw 



.6698 

vw 
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hhl 

Sin-O 

Sin2fl 

Ini cnsiity 


(calculated) 

(observed) 

44 0 

580 

.6820 


The followinpf lines corroaponcl into iCocjj 


30 8 

.6060 

.5060 

w 

32.7 

.7000 

6097 

w 

70.2 

.0216 

.0209 

w 

60 5 

.0278 

.6270 

w 

73.3 

.6596 

.6000 

m 

70 3 

0696 



52 6 

6639 

66.32 

in 

71.0 

0859 

.6863 

w 

71 2 

.7170 

.7137 

vvw 

32 8 

.7269 

.7248 

vvw 

30 9 

7392 

.7360 

vvw 

03 1 

.7666 

.7646 

m 

70 6 

.7840 

.7820 

w 

72 1 

.8139 

.8128 

w 

80 3 

.8400 

.8391 

m 

03.4 

.8820 

.8804 

vvw 

64.0 

.9144 

9124 

ww 

81.3 

.9484 

.9460 

ww 

73.0 

.9606 

.9498 

m 

80 6 

.9647 

9632 

w 

42.9 

9676 

.9674 

m 

52.3 

.9724 

9721 

m 

11.11 

.9782 

.9762 

vw 


According to Borg (1961) the dimensionB of the hexagonal unit arc 
a = S.llA, c = 8.761 

with which our results agree well. Final values of a and c were obtained by ad- 
justing the constants from the observations of the systematic deviations. 

The density of the alloy measured by means of a density bottle is 
8,004 gms/cc. and hence the number'^of molecules per unit cell, Jf = 6. 
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The following systomaiic abscnoo of reflections wore observed : 

for hh ■ I, no condition 
for 00 'I, I = 2n, 

The extinction conditions iiro consistent with apace groiijis 

/'C,22. P6,,„ 

However, a large number of extremclj'^ weak linos could not 1)0 measured and so 
the extinction condition, and hence the spai;o group, as mentioned above, may not 
be correct. 
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HIGH FEILD CONPUCTIVITY OF InAs 

H. i:. NA(^, V. DA8, 11. PATUA and S. K. HOY 

INSTITU'J’IO Ul liAHiO PlTYSIt'K AJMD l^jliTiCTKONK'S. UNlVlilRSTTV OJi’ (JaLCU'L’TA 

(Jteceived Fthruarii r>, J!)()3) 

ExperiineiitLil DivciStigatioiis made by JVior (1958), Kauai (1958a, 1958b), 
(dioksnian and (Sli)(d(‘ (1959, UKiO) liavo kIioavii that botli in ?/-ty |)0 and in p-tyi^o 
liiSl) ulcetneal liroakdoAvn oocurM before any signiliinint reduction in conductivity 
due to tlie apjilied electric lield can be detected. The occurroiKje of breakdown 
without sliowing any leduoUon in conductivity ih in sliarp contraHt to the high 
lield conductivity characteriKtica of grou]) IV Hemiconductors, Oe and Ri It 
has lioen suggested (Kanai, n)58) tliat this (iontrast may be due. to pj-odommance 
of iiolar optical scatteiing in InSb. If this supposition is (iorroct it would be 
expected that tlie above chaiactenstic of TiiiSb is typujal ol 111-V semiconductors. 
Expeiiniont.d study of other lll-V semiconductors, tlierclore, assume importance. 
Rteelo (1959) has reported some results of his studies on poly crystalline 7 i.-typo 
iiiAs samples having an initial electron concentration ~5 x l()’**/cin“. It was 
found that the conductivity characteristics arc similar to those of InSb. In 
this note the (ixperimcnlal results obtained for ap-type InAs sample are presented. 

The experimental samples were prepared from polyorystallme ingots having 
a conductivity of II 5 lulio/cm at room temperature. It was estimated from 
Hall constant data that the .sample had a hole concentration '-^lO^’/cm^ and a 
hole to electron concentration ratio '-^10'*. 

High lield conductivity characteristics were obtained using rectangular 
filaments having the dimensions 0.1 cm x 0.1 cm x 0.7 cm and a total resistance 
of 20 ohms at room temperature. The eontacts to the samples were soldered 
using tin and stannous chloride. The current density lor different electric fields 
were obtained using pulses of 1 .5 ft sec duration and 0.5 c/s repetition rate. Ex- 
perimental curves giving the normalised conductivity for different electric fields 
are shown m Fig. 1. 
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Fig, 1, Elocinc field in volta/orntiiiietor 

Fig. 1. NormaliHod concluotivity characterisiic of />-iype poly crystal! me TnAs at high holds. 

A study of the expeiumontal curves sliows that the tjonductivity charac- 
teristics are not much affected hy the lattice temperature in the range of 105°K- 
273°K, No significant reduction in <5onductivity is found before broakdown, 
which occurs at an electric field '-w 800 v/cm. It may thus bo concluded that 
the conductivity char acton sties of ^-typo InAs also have the same general features 
as those of Tn»Sb. It should also be noted that in view of the nearly spherical 
constant energy surfaces of InAs, the above observation is likely to be apiilicable 
to single crystals of InAs. 

The authors wish to express their indebtedness to Prof. J. N. Bhar, D.Sc. 
P.N.I., for his kind supervision of the present study. Thanks are also due to 
Messrs. Siemens Schuckertwerbe AG., Erlangen through whose courtesy the 
InAs samples were received. 
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A NOTE ON GRAVITATIONAL INSTABILITY 

J. M. (MNDHl AND P. V. BAKORE 

Depabtment oe Phyhics, University oj? Ka.tastiian, Jaipur 
{Rcce.ived, December 4, 19(i2) 

The purpose of this note is to show that Jeans’ (iritcrion for gravitational 
instabjliiy remains unmodified when the viscosity of the medium is assumed to 
be variable. 

Consider an cxiended viscous and thermally conducting homogeneous medium. 
Tlie fiuctuations in density dp, pressure Sj), temperature ST and gravitational 
potential Sv are governed by tlie following sot of equations. 

p ^ — —grad Sp-\-p grad Sv \ 1/3/a grad div. 
di 

-|-(grad p . grad)a-hgrad p • grad a— 2/3 (div a)grad/A... 

Sp — ~ p div % 

--^nUSp ... (1) 


and 


Sp Sp. ST 
V t> r 


We shall seek the solutions Avhich correspond to the propagation of plane waves 
in the z direction. Then these equations break up into thiee independent modes. 


and 


du^ 

dt 




du. 


d n 

dz^ 


. duj. du 

... (2) 

dz^ 

dz dz 


duy dp 

... (3) 

dz^ ' 

dz ’ dz 

Sv-\-^ p 

dhi^ , 4 du^ dp . 
dz^ ‘ dz dz ^ 
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where c, c' denote the adiabatic and isothermal velocity of sound and K the thermal 
conductivity. Two modes of wave propagation given by equations (2) and (3) 
arc trival and unaffected by graviy, compressibility and conductivity as expected. 
For a solution of equation (4) we write 

ioi and ^ «= (5) 


where oi denotes the frequency and k the wave number. Substitute equation (5) 
in equation (4), we obtain a system of Imear homogeneous equations which can 
bo written in the matrix notation in the form 


4- 

ipk 

— ik 

0 


V'Z 

- ipk 

0 

0 1 

liol 


Sv 

0 

- k^ 

0 



dp 

0 

0 

( iwH- — P ) 

\ pCv / 


^ C-) 

Sp 


This is identical with that obtained by Kato and Kumar (1960) except that the co- 
efficient of in the first term of the first column is 8/3, instead of 4/3. Hence 
it can be coneduded that there will be no modification of Jeans’ Criterion for gravi- 
tational instability, when the viscosity of the medium is assumed to be variable. 

The authors express their gratitude to Prof. H. S. Kothari and to Prof F. C. 
Auluck for their guidance and encouragement. 
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BOOK REVIEW 


GROUP THEORY AND ITS APPLICATIONS TO PHYSICAL PROBLEMS^ 

By Morton Hainermesli. Pp. 509+xi. Perganion Press, Oxford, London, 

New York. 1962. Price £6. 5s. net. 

This book has been written with the main object of making the application 
of abstract group theory to physical jjroblems understandable to physicists. 
As mentioned by the author in the Preface no previous knowledge of group theory 
is needed, but the reader should know quantum mechanics. 

In the first chapter the elements of the group theory have been discussed with 
the help of suitable examples. The symmetry groups and their properties have 
been described in detail in Chapter 2. The third chapter deals with group repre- 
sentations. The methods of finding the irreducible rei)reHontation of abelian 
and non- abelian groups are discussed in Chapter 4 and character tables of crystal 
pointgroups are given in this chapter. Mis(;ollaneous operations with group re- 
presentations, such as obtaining Ki'onecker products, complex conjugate repre- 
sentation, real representation, etc. are discussed in Chapter 5. 

Taking the case of an atomic system, the application of properties of group 
representations to solution of physical problems has been discussed in Chapter 
6 . The properties of symmetry group and different methods lor finding the charac- 
ters of such groups are discussed in great detail in Chapter 7. The next chapter 
deals with properties of continuous groups and includes discussions on Lie groups, 
one-parameter groups. Lie algebras, etc. Chapter 9 deals with properties of 
groups having axial and sphoricsal symmetry. As examples of applications of 
the properties of such groups the problems of splitting of atomic energy levels in 
crystalline fields have been discussed in detail Chapter 10 deals with linear groups 
in Ti-dimerosional space and methods of constructing irrudicible representations 
of general linear group and its sub-groups, and of orthogonal groups. Appli- 
cations of the properties of such groups to problems in ajiomic and nuclear physios 
have been illustrated in Chapter 11. The last chapter deals with the properties 
of ray representations and little groups. Finally, the author has given a biblio- 
graphy and notes including the references of all the journals and books from which 
the deductions given in the book have been taken. This will be extremely useful 
to readers who are interested in studying the subject exhaustively. 

The book appears to be a valuable text book for students or research workers 
who are interested in applying the methods of group theory to physical problems. 
The get-up is excellent. 

S. C. J3. 
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BOOK REVIEW 

PULSE CIRCUITS-by B. Cliatterjee : Pp 159. Asia Publishing Houso, 1963. 

Price Rs. 10.00. 

This is a small book presumably meant for advance studonis of communica- 
tion engineering specialising in Television and Radio Aids to Navigation. The 
subject matter is divided into eleven chapters. Two appendices on Laplace 
Transform cover about one-fifth of the book. The author claims that unneces- 
sary details have been avoided as far as possible and stress has been given only 
on the fundamental principles. 

Chapter one deals with Introduction of Pulse characteristics. To the reviewer 
it seems bettor to delete “Introduction of”. Chaxitcr two is devoted to pulse- 
shaping circuits. Chapter three is on delay lines. Ohajiter four discusses xmlso- 
amplifiers. Chajiter five describes the blocking oscillator. Chapter six deals 
with trigger circuits. Chapter seven describes counter circuits. Chapter eight 
deals with multivibrators and chajiter nine with sweep circuits. Chapter ten is 
devoted to radar indicators. Chapter eleven discusses iiulse measurements and 
wave-form synthesis. 

As expressed by the author in the preface, the book is aimed at discussing 
the basic principles of ordinary imlsc circuits. The reviewer feels that this book 
is a sketchy outline and many important asjDects of the subject arc dismissed with 
the briefest mention. The book is written in a manner similar to the concise 
note, a lecturer XJreparos and the remaining gaps are filled up by him in accor- 
dance with the needs of his students in the class room As this book is meant 
for advanced students it would be a great mistake to mask Avhat is really needed 
in an attempt to be brief. 

It IS unfortunate that so many printing and other errors have passed unnoticed. 
Meanings of the symbols used in some formulae are not given. There are some 
loose statements like “nonsinusoidal waveforms like rectangular, sawtooth, trian- 
gular et<5. are known as pulses”, “Pulse amplifiers are used in their linear ranges 
of operations”. A diagram on ringing circuits is a conspicuous ommissiom The 
book needs a thorough and careful revision. The reviewer would welcome in a 
now edition a fuller treatment of the chapters with greater care in defining terms 
more clearly and precisely so that students may not have to consult other 
books for proper understanding of the topics dealt with in the book itself. 

A,IK. 8, 
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More accurate identifications: significant absorption bands differing only slightly in frequency can be 
easily separated by the outstanding resolution of the Model 421*5 grating dispersion system. 

Uninterrupted scan: automatic filter switching as scan proceeds does not interrupt spectral record: 
the Model 421 presents a continuous, complete grating scan. 

Extended wavelength range; the Model 421 operates fiom 4000 to 550 wavenumbers — 
from 2,5 to more than 18 microns — routinely 

More precise quantitative measurements: high spectral purity afforded by the Model 421's 
resolution means close conformity of bands to classical absorption Intensity laws 
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THERMAL EXPANSION OF SOME ALKALI FLUORIDES 
AND MAGNESIUM OXIDE BY X-RAY DIFFRACTION 

J>. D rATHAli, N. V. PANDYA and M. P. GHADIALT 

I’mrSKJS DErARTMENT, (UlJARAT UNIVEltSlTY, AhMBDABAD 

{Rcoi’U'ril June 23, 1902 ; Jiesubmitted September 24, 1962) 

AJliS'l’llACT In Huh papoi lugh iomporaUiro X-ray data un the theiinal expansion 
of LiK, NaF and J\IgO aio roportod foi tho first tunp. resultH uio comparod with tho mac- 
losoopjo oljKL'i'vutjons wli('ri‘vor ax’iiilahle. Tlio rolo ot* lattice defects is examuiod and tho 
Qppho,il)jld,y of iJeliyo-tiliuiioiHon e(|uation to explain the observed variation ol thenual 
expansion with tomporaturii la disiMiased. 

I N r R O I) U 0 T 1 O N 

Tlu' (iouffificni ol tli(‘Tma.l expansion a of almost- all ionic crysUils incmisos 
M it-li tompoj’atiii 0 . Lawson ( 1 1)5(1) assiuncrl that a sliould be constant- for a perfect 
ciystal lattice and dedneed t-liat in such a crystal defects do play a part and contri- 
bute to Llie tliennal expansion. He succecderl in proving his point in tlie case of 
silvi^r liroinide lint not for silver chloride. It was jiointed out in our previous 
eonimunicat-ion (Fat-hak and Pandya, 1900 (b)) that in the case of ioni(5 crystals 
iScliottky deflects sluiH predominate and that if defects did conti*ibiite to the thermal 
oxiiaiision ol a (,ryst,}d, tho value of a dotorniined by maorosoopic methods should 
bo greater than that- measured by the X-ray method. On searching the literature 
it Alas found that- the high tenijieratue X-ray data for tho -salt-s examined in tho 
piesent ex]iei niicnt-s Aicre not available. 

Lilluuni lluoridc has liecn studied fiy Adeiistc'dt (1936) in the low temperature 
legion upt-o ahoiil ~22r)'"(f it has also been studied by Eucken and Danndhl 
(1934) by tin ‘IT heterodyne beat method and by Pharma (1950) by an interfero- 
metric method. 

iSodiuui fluond(‘ has been investigated at low temperatures by Henglein 
(1925) by the ])vknun)ct<‘r method. Uooiu temperature values are quot-cd by 
MegaAv (1939) and Wooster (1949). It has boon recently investigated upto 254''C 
by Deslipande (1961) 

The thermal expansion of magnosiuin oxido wtis studied by Fizeau (1867), 
Goodwin anfl Mailey (1909) from 120"C to 270°C and Merrit (1926). It has been 
systematically examined by optical or mtcrforomotric methods by Thilonius and 
Holzmami (1930) upto 1200°0, Austin (1931) upto 800°C, Dui’and (1936) upto 
85°C and iSharma (1950) upto about 700°C. No systematic high temperature 
X-ray data on this salt aie available in tho hterature. 
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The ohservaiions in the present work were taken by employing a diffracto- 
meter, Geiger counU'i' and a ratemetor. The diffractometer had a diameter of 
500 mm. and was calibrated in degrees {20, each degree dividerl into four iiarts). 
The position of the Geigei counter could be read upto one minute fif arc and by 
estimation iipto i minute. Tlic erroi- m the measurement of the cell constant 
m estimated to be less than 0,002. 

OBSERVATIONS AND RESULTS 

The same small furnace (Pathak and Pandya, 1950) was usofl in this work 
which was emyiloy<'d in the earlier measurements on NaCl (Pathak and Pandya, 
1950), Csl (Pathak and Pandya, 1960a) and KBr, K1 and GsBr (Pathak and 
Pandya, 1960b). The results of the piescnt measiiromeiits aie shown in Figs. 1 
2, 3 and Table I. 
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Fig. 2. NaF. 
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Fig. 3. MgO. 

The equations satisfying the smooth curves rlrawn Iroin the observed points 
are given below : 

LiF • (ii = 4.0I()2+L:{12x lO-^^-l-O.lGOx 

NaF • at - 4.614 +1 452 x J 0 ' H -\- 5 595 X 1 

MgO • at ^ 4 20154- 4.025 X 10-*^/ -I 1.392x10-8^2 

The coclficient of expansion a was calrulated ironi the equation a = ^ . . 

at (it 

The coinpai'ison of oiir results wuth tho.so of otliors is shown in Tables Tl, 111 and IV. 


TABLE 1 


LiF 

Na.F 

MgO 

Temperaturo 
clogroo C 

a xlOU 

'^retiiperaiuio 
dogroo C 

a X 10" 

Tomporatiiro 
flegroo C 

ax 100 

30 

34 1 

30 

32.2 

27 

11.2 

72 

36.9 

72 

33.1 

208 

12.3 

150 

39.4 

116 

34.2 

386 

13 6 

187 

41 0 

196 

36.9 

652 

14.6 

242 

43.3 

288 

38.1 

691 

15.4 

301 

46.9 

351 

39.. 5 

788 

16.0 

307 

48.7 

400 

40 6 





467 

42 1 





520 

43.2 





626 

45.6 
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TABLE IJ 
Lithiuin fluoride 


I’emperutiire 
dogroe C 


a X 10“ 


Authors 

tShurma 

Eiuikon and 
Daiuiohl 

0 

32 7 

33.8 

32 2 

30 

34.1 

34.4 

33.4 

72 

35.9 

36 6 

36.2 

160 

39.4 

37 9 

38.4 

187 

41 0 

38 9 

40.0 

242 

43.3 

41.6 

42 2 

301 

4G.9 

44 4 

44 6 

307 

48 7 

47.8 

47 4 


TABLE 111 
Sodium fluoj'ide 


Tomperaiuro 
degree C 

a X 10« 

lleshpaude 

Authors 

30 

34 0 

32.2 

72 

35.2 

33 1 

116 

36 5 

.34.2 

196 

38.8 

35.9 

288 

41 5 

38 ] 


3DISCUSSION OF THE RESULTS 


X-i'ay data on LiF at high temperatuvos are not availahJc and hoiiuo it is 
not possible to compare our results with those of other woikcrs. In Table IT, 
however, comparison with the macroscopic data of Sharma (11)50) and those of 
Euckon and Dannohl (1934) is shown and it is seen that the agreement is fairly 
good. 

Our results on NaF are compared witli the X-ray data of Doshpando (1961) 
in Table III. Our results are slightly lower. Our a at O^C viz. 31 .5 x 10"“ may 
also be compared with that of Henglein between — 79“0 and 0°0 viz. 33.0x10'®. 

Comparison of our X-ray data on MgO with the macroscoiiic observations of 
other workers is shown in Table IV. Our results agree excellently weU with 
those of Sharma (1960), They also agree fairly well with those of Thilenius and 
Holzmann (1930). Austin’s (1931) results are too erratic in the low tempera- 
— 11 ,^nr results at high temperatures, 
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TABLE IV 
Magnosjum oxido 


Temperature - 
degree 


a X 10” 


Literature 

Shartiia 

Authors 

40 

10. 4^ 

11.2 

11.3 

120-270 

Vl.l^ 

12.2 

12 3 

25-800 

13.43 

13 7 

13 0 

63.7 

11. 2‘ 

11.4 

11.4 

153 

11 9^ 

11 9 

12 0 

246.3 

12. 8^ 

12 5 

12,6 

348.2 

13 84 

13.1 

13.2 

448.4 

14 14 

13.8 

13 9 

546.1 

14.04 

14 5 

14.5 

645.8 

12 24 

16.2 

1.5 2 

745.5 

16.71 

10.0 

15.8 

20-6.5 

6.7"' 

11 2 

11 3 

20-100 

9.1- 

11 3 

11 4 

20-150 

10.45* 

11 5 

11 0 

20-200 

10 O'-* 

11.6 

11 7 

20-300 

11 6'* 

12 0 

12 0 

20-400 

12. 1'* 

12 3 

12.4 

20-000 

la.o-i 

13 0 

13 0 

20-800 

13.63 

13.7 

13.5 


1 Fizeau (1867) 

2 Goodwia and Mailoy (1909) 

:i Merritt (1926) 

4 Thiloruus and Holzmann (1930) 

5 Auatin (1931) 

It call bo Boon from the above diBcnsHioii that (joinpanson with inu,(nos(iop[(; 
roBults arc poBsiblo only iu the ca.BO of lithium ihioridc ainl magnesium oxide. 
In the case of the former the X-ray expaiiRioiiK a.ro gvoaitfr than tlic maoroBcjopio 
onoB. If lattice defects played any part the revcryc Hhould have happened. In 

TABLE V 


Grunoison paianietoiH 


Substance 

Q/2Hxl0a 

,3p 

Keferonoes 

Lithium 

29.01 

12 01 

Prosorit values 


29.4 

11 5 

Euckon and Daniiohl 

fluoride 

20.2 

~ 

Equation (2) 

Sodium 

29.64 

8.0 

Pro.sent values 

fluoride 

29.25 

— 

Equation (2) 

Magnesimn 

01.16 

15.10 

Present values 

oxide 

61.76 

■— 

Equation (2) 
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tho case of iiiii"nesiuin oxide the X-ray data and tlie macj o.seopic data agroo 
pe.rfeetly, ^PJk^ tlefeois, if aiij'^, therefore, affect the X-ray and the jn.acroscopi(j 
exjiansioiis ocpiully or their ctnitrihutioii to the thermal expansion is negligible. 

Tt can be ,sh()\^■n (ridliah and J^andya, 19(i0b) from the Debye- Grunci sen 
tlieojy that 


2R TJ){0IT) ^ ^ 

Where Hq find r/y are tlie cell constants at O'^K. and T°K. respectively, D{01T) 
the Deliye function aiirl Qj2R and Hp are constants called tho Gruneison’s para- 
nietcis TIu) above e(|nation shows that for a crystal obeying Giiineison’s law 
the graph of against l/77J(tV/T) should be a sti'aight line. In the case of 

siibstanc(*s examined in the jii esent experiments such graphs are found to be straight 
lines. The Gruneisen’s paramekii’s dotm'niincd from these graphs are compiled 
in Tabhi V The value of Q can also lx* determined from the relation 

Q-^VJyJi, ... J2) 

vhere K^^ and F,j are tlie com]jressibility and molar volume at 0°I\. Tho values 
of QI2Ji calculated from this eiiuation aie also given ui Table V for comparison, 
the vidiies of and y being taken from Horn and Fuung (1054). 
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THE ELECTRONIC SPECTRA OF SOME TRISUBSTl- 
TUTED BENZENES IN DIFFERENT STATES. 11 
T. N. MISUA 

OPTll'M OlClM llTMiCNT. 

InDJAJ'T ASSOCTATIOJST Foil rili!; ('UL'J’TVATItW OF SclTlNCF, 

(!M.(niTTA-H2 

(Jfnrtiwd p'l hmm ij 12 , 11 ) 0 . 5 ) 

ABSTRACT. Tim ncai uMiiiviolot uUsoipl.ioti spoctia ol 1,2, l-li iju('tli;\ ll)i'ti/A''U(' luid 
H,1 -(Iu'IjJ()joI/o1luui(i lin.vt; I)liuii mvo'^liyatncl iii dilfri'cMil stiilcn lii iJit* ( .i.so oi' H iohh two 1,2,4- 
tri.siibsl.iUiiiicl bou/,o]j(i,s, tlu-i aliovvcHl i.raiisiiion ih ol (■> |)<‘ A' — A' .mil I, bo 0,0 biiiulis upiioui 
htiToiifjly ui ibo si)ocl,ia of Llie hubsluiico-; iii ibo v.ipoui stiit.o, bul llio Hpectiuiii ol oiiih ol lb(' 
oompovinds in the .solid sl.iifo at - 1K0"(! is voiy woak cowpaiod i.o tbo sjioidra duo l-o llif‘ vupoui 
and liquid Ht.al.os Tbo 0,0 b.T.iul at. — IS()'’(’ is also di.si)liUod iowaidis bif;b onoii^y iof;iou with 
j'o.spool; 1.0 lis posiiion in tbo oaso ol tbo liquid II. i.s .siigp[o-itod I bat tbo obsoivod bunds may 
leprosont only oiio ol tbo two rompoiionis into Avliiob tbo bands aio s]ibL up m tbo oivslals at 

-istro. 

It lia.s boon jionitod out. that tbo intoi'actioii ol poimanont dqiob's ol iioigbboiiiing niolp- 
ciiles on tbo tiansitiou mnmont of tlio mdeoulos in tlio lattus* nngbt. bo pailly ifsponsiblo 
lor tliJH laigo .spbtiing 


1 N T K 0 I) U C T I O N 

Tlic ultraviolet absorption .spectra ol' .some iri,siil»stitute(l bouzeiK' eom- 
pounds have recently been invo.stij?ated in this laboiatory to study the inllueiie.e 
of intermolecnlar forces on the position and sirneture of iib.s'orjition bands in 
the liipiid and solid states. Keeeiitly, it hits been proposed by Sirkar (JDIili, 0:{) 
that the interaction of permanent eleetric moments of the iiej^dibourm^ mole- 
cules on the transition moments of the molecules ui the lattice might be partly 
responsible for the large .splitting observed in tin* spectra of some crystals of iiolar 
molecules at — ISOT. 

Tu a previous communication (JVlisra. 196.‘l) it has been x)ninted out that 
in 1, 2, 3-tri.substiLnted benzenes, the transition which is forlndden in frei; mole- 
cules due to cancellation of three migrational moment vectors, becomes allovvcid 
at — 180'’C, but no large siilittmg of bands could be diitectod. Since the magne- 
tude of transition moment is very small in these cases, the interaction with the 
permanent dipoles of neighbouimg molecules is expecti‘d to be weak. It was 
therefore, thought worthwhile to extend the investigation to some other iiolar 
molecules having a large value of transition momuit and J , 2, -l-trirnethylbenzcnc 
and 3, 4-diohlorotoluene were selected for the y>uri>ose. 
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EXPERIMENTAL 

^Die cxpoj'imontal sot up was the Hamc ab dcs(3ribetl in an earlier paper (Misra 
]!)()()). (^lienucially pure samites c)f 1, 2, 4-trimctliylbcnzene Jind 3, 4-dichloro- 
tcjlueno Kuppiu tl by Kastinaii Kodiik Co., and Fibher Seientilic Co., IJ.S.A. respoe- 
tivcily w(ae used after fractional and repeated vacuum distillation. For studying 
the abKor pljon spectrum of 3, 4-dichlorotolucne in the vajiour state, a 75 cm long 
absorption tube provided with quartz windows and a bulb attached to a side tube 
for containing the lujuid was used. 

Thin films of the substaiu'c^s of thickness of the order of a few microns were 
userl to produce bands ni the liquid and solid states. The spcctiograms were 
tahen on Agfa Isoptui iiluis with a Hilger E 1 siiectrograph having a dispersion of 
aliout 3A pej‘ mm. in the 2000 A region. Microphotometric records were taken 
with a Kii>p and Zouen typo Moll microiihotometor and absorption spectra were 
calibrated with tlui help of a micjoiihotomctric record of non arc bpectrum photo- 
graphed on each spi'.ctrogram as explaim^d in a previous paper (Sirkar and Misi’a, 
1950). 


]{ E ,S tl I. T S AND D ] S CMJ S S I 0 N 

The microphotometric records of the absorption siiectia of 1, 2, 4-trimothyl- 
benzene and 3, 4-dichloiotoluene aie reproduced in Figs. 1 and 2. The wave 
numbers of tlie bands with their apjiroximate intonsities and probable assign- 
meiits aie given in Tables I and 11 respectively. 



3r..^0U Sti.'JOU 37500 38500 39000 

V in cni'i 

1. T\brroiihoiometnu rocorda of the ultraviolet abaorpiion spectra of 
1,2, 4-trimotliyl benzene m different states. 

(u) In the liquid slates at 32°C. 

(b) In the solid states at — 180°C. 
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3riO()(J JU5000 37000 38000 

— > p ill r‘m-1 

Fig. ii. TVlicrophdiomol.nc rocoi'da of tlio ultiiivioloi iibHorpiion Bpectru of 
3, d-diolioroioluono jii rliffcrcni stiitos 

(a) Vapour Bi a l/C. (b) Ijicpud state at 22‘'0 (c) Solid state at - 1B0°(.J. 

1 , 2 , 4:-Trimethylbenzene 

The near ultraviolet ahsorption spcujtrum of 1, 2, <4 -trim(^tllyl hcnzeno in 
the vaiKUit’ Htate was studied by iSreeramamuity (1951). Assiimnij^ the methyl 
^ronp to behave as a single atom, this moleeulo lias the lowest syjiimetry (J, 
among the substituted benzenes and the li.^u transition in beiizeno becomes 
A'— A' transition in this case This transition is an allowed one and the 0,0 
band aiipears strongl37 m the spcotium The data loi- the spectrum in the vaiiour 
state awS reported by Sreeramamurty (1951) have been included in tlu* table for 
comiiarison. 

In the vapour state, the spectrum of 1, 2, 4-trimethylbenzeiie (iSrecrama- 
murty, 1951) shows a strong 0,0 bands at 36900 om“^ and a large numboi of bands 
involving dilferent viliratioiial frequencies. In the liquid state, the compound 
yields four bioad bands with the positions of maximum absori>tion at 36185, 
3687H, 37385 and 380S5 cm“^ respectively (Fig. 1, M'able 1) 3 he bands due to 

the li(]|uid are broad probably due to thermal motion of molecules and merging 
of v—>v' transitions into one another. The approximate positimi of th(‘. centre 
of tlie strong band on the long wavelength side at 36185 cm' ^ is taken as the posi- 
tion of the 0, 0 band. Then it is found that on liquefaction of the vapour, the 
0, 0 baud shifts towards red by 715 otii“^. The other bands arc at distances 693, 
1200 and 1900 cm"^ respectively from the 0,0 baud. 

2 
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Willi tlii^ tJoiidificialion of the liquid and cooling to — IKd^’C, some more 
Lauds arc oliserved. The strongest Land on the long wavelength side is at 3G.‘]08 
cm ^ and is taken as the (),(i Laud of the system. 1’he other bands can then be 
re})reHeiited liy (‘xoited state vibrational Ircquencies 4()1, L91, 81)0 and 1200 cm"^ 
and their combinations. Some of these frequencies agn^e fairly well with the 
frequencies 711, 027 and 1180 enr ^ reported by Sreeramamurty for the vajinur 
state-. The frequency 641 cm~^ observed in the spectrum of the crystals 

'CABLE r 

Llltj-aviolet absoi'iition bands of 1, 2, 4-ti‘imethylbcnzene in different states 


Vagour 

(iSi'ooraiiiamiiity, J9ol) I^iquid at/ Scilid 0 . 1 / — I SO^'O 


Wrtvn num[)v‘i 
(i‘m“i) and 
Int.on.siiy 

AHMigum 'uli 

AVavo niijnl)! 
(cm-i) arul 
InioiiHil/y 

:)5!)77 (v\v) 

0 - 023 


uourd (vw) 

0-540 


IIGOHI) (vw) 

0-217 


;iGi)ou (vb) 

0.0 

30185 (h) 

37UJ5 (m) 

0 1 J 15 


37G11 (h) 

0)711 

36878 (,s) 

:)7827 (nib) 

0 ] 027 

37385 (s) 

38080 (mw) 

0-) 1180 

38085 (m) 

38180 (juw) 

0 ) 1281) 



AsKigiiinmil 

Wiiv)' niiiiibfT 
(cui-i ) and 

ini I'll, sity 

AKhJgnmt-'nt, 

0,0 

36308 (vk) 

0,0 


30824 (w) 

0 + 461 

0 1 603 

37059 (h) 

0-1-601 

0 [ 1200 

37258 (m) 

0 1-800 


37568 (h) 

0 1 1 200 

0 1 603 ) 1200 

381268 (m) 

0 + 60J -hl200 


38760 (w) 

0 + 2x1200 


at ~1 80°C was not observed by him in the (;ase of the vapour, but it may be noted 
that Kohlrausch and Poiigratz (Magat, 1036) reported two strong Raman lines 
557 cin~^ and 474 cm“'. It is seen that when the vapour is liquefied the band 
system shifts towards I'ed by 715 cm~^ and on solidification and subsequent 
cooling to — 180“C, the band system shifts towards shorter wavelength by 
183 cm"^. Eurther, the integrated absorption at each band becomes much 
smaller when the liquid is frozen and cooled to -ISO^C. 

This decrease in the strength of absorption may be explained by assuming 
that this band system constitutes one of the two components in which the original 
band sy.stern is split up in the crystal at — 18()”0 and that the other component 
may be on the short wavelength side. As the crystal structure of 'the compound 
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at — 180“C is not known it lias not been possible to ealcnlate the exact positions 
of the split components. 


3 , 4:-Dichhrotoluene 

As pxpliiinod above this Trioleciile also has the symmetry C„ and lln^ migra- 
tional moment vectors add to give a large value. ^J'lie transition is allowed and 
the 0,0 band is exjiocted to appc.ir strongly in the spectrum oi'frce molecules, 

/^pectr 11711 in llic vapour phafta. 

Three gronjis of bands degraded towards red, consisting of about fifteen pro- 
minent hands (Fig. 2a) have been observed. The vei'y strong sharp band at 
3r)53S cjn“^ on tlie long wavelength side has been taken as the^ 0,0 band of the 
system. All the other bands can then be assigned in terms of ground state fre- 
(piencies 303 and 430 cm^^ and upper state fundamentals 232, 390, 598, 79!), 995, 
and 1170 their combinations. 


TABLE IJ 

intraviolet absorption bands of 3, d-dichlorotoluene in different states 


A’lipoui al. 

Oliili length 1 ^} <'m l,u(uid nt H2"(! Solid at — J80"C 


niJjiibfr 
(rm'>) and 
Intensity 

^ssignm '111 

Wave mimbi'r 
((•m~i) and 
Tiitonsitv 

30102 (w) 

0 - 136 


301 70 (w) 

0 - 303 


30.038 (Vh) 

0,(; 

30300 (vh) 

3.0770 (w) 

0 1 232 

36292 (vs) 

30034 (w) 

0 1 396 

37284 (m) 

30130 (m) 

0 1 098 


30317 (m) 

0 1 779 



0 1 2x396 


30533 (vh) 

0 1 995 


30718 (ms) 

0 1 1 1 70 


30920 (m) 

0 1-995-1 



396 



0 1 598 1- 



779 


37163 (ms) 

0-! 1620 

OH 995 1- 



596 


37029 (a) 

0H-2X995 


37767 (ms) 

0 1-2x995 



H-232 



AhHignm 'lit 

Wavi' mim))i*r 
(('m“J ) and 
Inti'iiHity 

Asflignnwnt 

0,0 

30.501 (vs) 

0,0 

0 1 992 

36123 (m) 

0 1 072 

0 1 2 >' 992 

36347 (w) 

0 i 700 


36040 (h) 

0 1 990 


30930 (w) 

0-1 072 1 790 


37302 (m) 

0 (-990 1- 



796 


370.54 (m) 

0-1 2x990 
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Tho Raman and nifrared spectra of the molecule have recently been ropor- 
t(id by ])eb ajid Rauerjee (1900). The two ground state fundainenetals 30S and 
430 cm“^ observed as v—>o tTansitioii in tlm present investigation agrees with 
the Raman freijiiejunes 308 and 435 om“i rex)orted by tliem. 'fho upper state 
fundamentals 390, 598, 779, 995 and 1170 cm“i satisfaetonly correspond to the 
Raman and uifraied frequencies 435, 080, 805, J030 and 131 J cin“^ reported by 
Dob and Ranerjee (1900) 

Tn tlie liquid state, the substance gives a spectrum consisting of thcreo 
broad bands. The centres of the first band at 35300 cm“^ is taken as the xjosition 
of the 0, 0 liand and other bands arc separated from it by 993 cm“^ and 3x993 
cm . Tims on liquefaction of the vapour th(‘ band system is shifted tov'ards 
red by 338 cm "h 

In the solid state at - 18()“C, the absorxition si>ectrum of the substance 
consists ol about seven prominent but weak bands. The fir,st band at 35551 
cm ^ is evidently thi*. 0, 0 band of the systmn. The otlier bands can then be 
exiilained m terms of iqipet state fundamentals 573, 790 and 995 Lm~^. Thus 
on Holidilicatioii of the vajiour and its subsequent cooling to — 180''(1, the band 
system is observed to shift slightly towards liigliei energies and also the strength 
of absoi'jition dimmisJios apiireciably. , 

Tliis dt‘erease in the strength of absorption in the crystals at - I80“C may 
be exiilaiiied in the same way as in tli(‘ jirevious ease. It may be noted here 
that similar shift of one of the sjOit components to the otlier region of the spec- 
trum lias also been obsei ved by Rornstein in the case of bromobenzene as reiiorted 
by Kasha and Oxiiienheimer (1903). 
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ELECTRONIC TELEPHONE SWITCHES 
WITH TRANSISTORS 


P. N. DAS 

EL1SCTIIT0A.L ENGIJ«EEilTNa T)ErAUTM I'INT, 

IJNiVETiaiTY 01'' RooincEii: 

{Received Sej^tember 24, 1902) 

ABSTRACT The eleutro-moohaniral swiichoa of usual ielephotio exchauKOB ai’o 
rof|uirod to porfoim one or more of the fiinetionB of soleetion uutlei the contiol of impulHOB 
or oi" iiutomatio liurituig or ol‘ line finding during lihe Betting up of a telephone connoetion. 
TruiiHiHtoriHed Hwitohos which can perfoim all tho above operationn, have been ileHPrihod in 
tlje paper. Such Bwitchea can, flieioforo, be ntili/.ed with advantage in electrome telephone 
exeluiiigoB. 

INI’RODUCTION 

All the existing automatic telephone ayateniR, whether the}'^ he Strowgor 
step-by-sti‘[) systcins or Cross-har by-path systems or Panel Systeans, use eleetro- 
meohanieal switches and relays and all of them depend on mechanical contacts for 
e, Stahl isliing connections between different linos or tiainks. Due to many dis- 
advantages ol these mechamc-al contacts such as wear due to use, coii-osion due to 
H])arkH, constant attention required for their adjustments and cleaning ett; ami also 
due to the consiant attention required for spring and other mechanical adjiistmontH 
111 the switihes and relays, theie has been a recent move to replace' these mecha- 
nical parts by electronic devices and to get what is known as electronic 
telephone systems. (Plowers, 1950, 1951 and 1952; Heron ei uL\ 1951). 
^Ihe first electronic exchange using gas tubes is already in service at 
MoiTis (Chicago) in U.iS.A and the first BritisJi electronic exchange is due to bo 
ready for public service this year at the Highgatc Wood in London. Tho former 
one uses space-division principle and the latter one uses time- division principle 
for operation. Although those electronic exchanges have been put into 
service, they arc still Avorkod on experimental basis and W'^ork is being (jarried out 
in ir.K., U.S.A (Hams eial, 1950, Lewis, 1953 and Mathanei, e.i <tl. 1954) 
and in other countiios (Ortvad, 1900) to find out a more suitable and reliable typo 
of electronic exchange. 

All tho electro-mechanical systems use space-division principle in whiih con- 
nections are made betw^eon different transmission circuits through different switches 
and different trunks all occupying different positions in space. If the different 
operations required during setting up of connections by electro-mechanu;al switches 
can be performed by some electronic devices, all tho elociro-mechanical 
switches of tho existing types of exchanges can he dispensed with. In this paper 
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some tninsistoiiscd eJoctronic; switches which can pei'form all the above operations 
have been flescribocl and as such can be used in electronic exchanges. 

Electronic devices have also made telephonic conversations possible between 
any two subscribers on other principles suc.h as frequency-division and time-divi- 
sion principles Tlxese principles are more or less based on caiTior working and 
so the system based on them requires complicated apparatus of carrier telephone 
systcm.s. The system working in U.S.A. uses gas tubes for switfihing purposes 
on space-division principle and the system to be worked in U.K. employs time- 
division principle. 

T E L E H O N E SWITCHES AND THEIR OPERATIONS 

There aiv^ many different types of switcihes used in different tyjies of existing 
olectro-Tuccha.nical systems such as uniselectors and tw'^o-motion selectors in 
iStrowger system, cross-bar switches in Ci-oss-bar by-path system, motor switehes 
ill Panel type system etc. These switches perform following two types of duties. 

1. They ai'c used for setting-up the reijuired connections. 

2. They are used as connecting jiaths for carrying out telophonui convci- 
sations. 

Under the first item these switches are reipiired to perform one or more of the fol- 
lowing operations. 

1. The desired line or the desired group of multiples are selected under 
the control of a number of impulses sent. This is called ‘Selection’ of 
a desired line or- a group, 

2. Automatic selection of the calling line is done without being under the 
control of any impulses when the subscriber takes uji his telephone set. 
This is (jailed ‘Line finding’ for a calling line. 

3. Automatic selection of any free tnink out of a group of trunks is done 
without being under the (sontrol of any impulses. This is called ‘Hunting’ 
for a free trunk. 

Electronic Switches employing transistors have been described here mention- 
ing how all these different operations can be effected with its help. Connections 
for speech transmission can be made through other (jircuit devices which have 
not been dealt with in the paper. 

ELECTRONIC DEVICES FOR SWITCHING 

There are the following electronic devices which can be used for switching or 
getting connections between two lines, 

1. Gas tubes. 

2. Vaouum tubes. 

3. Germanium or silicon diodes, 

4. Transistors, 
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Electronic Telephone Switches with Transistors 

Of thcBe, transistors and seiiiicjondnct-or diodes are most snitabl© due to their 
small sizes and small voltages vcqiiirocl for their working for the purposf' of use 



Kig. 1 ciifiiit. 

as telephone switches as quite a largo number of switches are required in a tele- 
phone oxcha-nge. The well-known bi-stable circuit with transistors shown in 
Fig. 1 , has been taken as the basic unit for budding up such telephone switches. 
In such circuit's with PNP transistors, when one conducts, the base of the other 
on(‘- bec-oiiLCS positive with respect to the emitter and so the other one does not 
conduct. If, however, a negative pulso is apjilicd to tho base ol the non-ounduct- 
ing transistor, it becomes (jonducting and so naturally the base of the other one 



Pig 2 Switching cucuit. with bi-stablc stage. 

becomes positive and so it ceases to conduct. A switching circuit has been deve- 
loped with the help of such bi-stable circuits three stages of which arc shown in 
Fig. 2. 

Different stages of bi-stable circuits are coupled through 0.001 microfarad 
capacitors connected between collectors of second transistors of previous stages 
and bases of second transistors of succeeding stages. Suppose that initially tho 
second transistor of 1 st stage is conducting and that the second transistors of 
all other stages Bg, B 3 etc are not conducting. If a negative pulse is applied to 
the base of transistor A^, it will conduct and B^ will cease to conduct. So the 
collector of Bj becomes suddenly more negative and the negative pulse is applied 
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through 0.00] uiicrofard capjKuior to the base ot transistor in the second stage 
and so B.j tjansistor hocoiiics conducting and its negative collector voltage is sud- 
d(‘nly iedu(!(!(l. A positive juilse is therefore sent to the base of Bg transistor but as 
B., transistor is already not coiulucting, this has no effect on it and so the third stage 
reniains unaile.cliid. if a second negative pulse is now ajiplied to the base of 
ti'ansistor A^ in the second stag'^, B^ will become non-conducting and Bg iii the 
third stage liecomes conducting in the same way. 

'I' R A N S n S T O Ji, 1 S E D SELECTOR SWITCH I 

The above arrangement of bi-stable eircuits ean be used as a telephone selector 
KM’itch M'lth some modifications. In the case ol usual selector switches, they are 
operated a iiumhe-r of times equal to the number of impulses sent hy the dial from 
their hoimi jiosition whoie the wijiers or moving elements return, as soon as the 
switch IS released. In the present ease the bi-stablc^circiiits arc so arranged that 





Fig y. Selector b witch. 

Avhen tlic supply voltage is connected to all of them, always the second transistor 
of the first or home stage conducts and the first ti ansistors of all other stages 
conduct . This is achieved by connecting slightly ilifferent values of 
resistance in the collector circuits of the two transistors in a-stage and by giving 
the supply to all the subsequent stages except the first one through a. suitable 
choke as shown in Fig 3. 

With un .symmetrical bi-stable circuits as shown in the figure if the supply 
voltage is suddely applied, the second transistor conducts, but if the supply voltage 
is applicfl by gradually increasing its values, it is the first transistor which starts 
conducting. If the collector supply voltage to all but the fii'st stage is applied 
through a suitable value of choke as shown in the figure, when switch SW is ope- 
rated, the second transistor of home stage starts conducting and the first transis- 
tors of all the other stages start conducting. This switch SW may be operated 
by the dial off normal spring contacts of the dial. 

The bases of first transistors of all the stages are connected to the dial im- 
pulsing contacts through condensers of values of 0.0002 microfibrad. When these 
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spring eontaots are operated, negative iininilses are sent and aiipUed to the basoH 
of all the first transistors of all the stages Initially the first transistors of all the 
stiiges oxeepL the home stage are condueting aiifl so their eoTulitions will not bo 
changed. The first transistor base, luiwevei, beeomes negative with respect to 
(inittor anil it starts condue,ting and the conditions are changed in the home stage 
resulting in change in tlie condition in the first stage only. If another 
impulse is sent now, the condition of liist stage is now changed resulting in a change 
also in the second stage. Thus if a number of impulses arc sent, there will be 
change in the condition of the bi-stable stage of the corresponding number and its 
second transistor aviJI lie conducting and no other second transistors of any other 
stage will be conducting. Thus selection is possible among the different stages 
by dialling any partitailar number and the entire arrangement can be used as a 
selector SAvitch. 

In order that bi-slable operations are effective, the pulses of voltage or current 
that are applied, must be very sudden i.o. the rate of change of voltage or current 
must be very high. Tn a pulse there is one front edge and one back edgi^ and if 
both of those edges be ecpially sharp, the previous initial condition aviU come back 
when the entire pulse is sent. In order that one condition is changed only by the 
sending of one pulse, it is necessary that one edge of the pulse shoiilil be sharp 
and the other edge bo gradual. This is achieved by having a suitable high capacitor 
in scries with a suitable resistance across the impulse sending battery and by con- 
necting the dial impulse springs across the capacitor. Initially the capacitor is 
shorted by dial impulse springs. When these impulse sjiririgs break, the condenser 
IS charged through the resistance and a gradually rising front edge of tin? impulse 
is obtained and it is so gradual that it can not effect any change in tJie states of 



Fig. 4. Nature of wave sliape. 



Fig. 6. Astable multivibrator. 

any bi-stable stage. When the impulse spirng contacts remake, the charged con- 
denser is suddenly shorted and discharged and the back edge of the impulse abruptly 
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(lci(;rcaHeH to zoro and tliiw js nffccljve in bringing about a cliangti in tJic state of tlie 
lioiiH stage iiiiliidly and of otUoj' stages sutiscqiieiitJy. The natiiio of the mipulsea 
sent Js shovni in l''ig 4, 

'r K A N S 1 S T O R 1 y E Ll LINE FIN 1) E R 8 W I T (J H 

The s(ileetor eiicuit shown in Fig. 3, can be used as a Line Enider eiriaiit if 
ive rojdaee tlic dial and its assoeiated eijuipiiients liy an astaLle multivibrator 
eireiiit shown in fig. 5, 

N.P N. transistors typo No. 0(1 647 are used in the uudlivibrator <urcuit 
so that nature of pulses wuth sharjily falling end edges as sjunvn m Fig. 4, aro 
obtaine.fl. The values of ea]>ae-itane,es and rcsistanees are so chosen l.hat puls'^s 
ai- the rate of 16 per second whuih can ojierate fbe lu-stal)le eircuits without fad are 
oblainefl. When the oufput of such a multivibrator circuit is connccf.ed through 
0 0062 microfaiad eaiiaiators to the bases of first ti aiisisf.ors of all lii-stalde stages, 
Ihe states of fhffei-cnt stages a.r(^ changed om‘. aft(‘r another by the impulses sent 
fi“om Ihe astahlo multivilirat-or and if the last sf age is coupled to the first stage by 
II c,ou]ihng capacitor, the states go on ch.uignig one after another eontiimously. 
rf now^ a eapacitoi of appreciable value, say 0-01 microfarail is eonni'ctod across the 
resistance of lOK jonu'd between tlie base and eaith of the first transistor of any 
stage (Fig 3)., as soon as the seiuind transistor of tins stage c.onduot.s, there ea.iinot 
lie any furtlHU' change of (jonditions in any sf-a.ge and no second tiansistors ot any 
other stage can lie made to conduct afterwaifis even by the (-.onnefitioii of a similar 
(.ajiacitor across similar x’nints in any otluw state Thus the solectoi' switch can 
be used foi line finding action satisfaetorily. If the capacitor coimection is made 
by the lines of the subscrilier wlicn ho takes up his tidephoiic from the cradle, 
ihen the sec.oiid traiisistoi of the bistable cireiiit eon es-pondnig to the line eonti- 
mies conducting and the hunting action stops and if any other suhscriber takes up 
his tchqOione set subsequently, the transistor of the bistable circuit corresponding 
to the second liii(» does not coTidnct also, \^fl^on a eondensen- of aiipreeiable value 
IS connected as above, pulses trom the mnltivibrator are bi-passod through it and 
so they cannot eJTect any lurther change of states. 

T K A N 8 I S T () K II U N T E Jl S W 1 'I' C H 

Bi-stal)le circuits u ith slight modifications aie used for different stages and 
the astahlo multi-vibrator cn‘cuit refened to .ibovc may be used for driving the 
switch circuit as sliown in Fig. 6. 

If a free trunk is indicated by the presence of earth on the omiitci of the second 
transistoi of the stage corresponding to the line, then as impulses aro sent from 
the multivibrator , the second transistor of the stage corresponding to the trunk 
cond iicf'S and it continues to conduct so long as earth is iiroscnt. When the emitter 
of the second transistor which conducts is earthed, it cannot bo made positive with 
respect to emitter and so hunting action stops If there is no earth present on the 
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(Miulicr of tJio k(!(‘oikI tniiisistoi- of any Hi.ago, llion ilio bi-stablc stage is unaffecited 
by inipiilsrs ^vhicli are by -passed to the next stage. If .iny trunk is busy, the 



h'lg. 0. ITutiLt»‘ kvilfli 

purposes is served if ihere be no eartli eoniicetod on the oinittor of the second 
transistoj (‘orrespondiug to tiie trunk. J3uc to the emitter being given a negative 
bias, ih(* iK'gative impulse can not ptoduco any ehange in the stat(‘ It is apiilied, 
lunvovo]'. through tlie coujilmg condmiser to the ba.S(^ of the se.iiond transistor of 
the next stage, and if eai'tli is pro.sent- on the emitter of liis transistor, the iininilso 
efteets a change in tlu^ state of tins lattor stage. 

C O N (J L XJ 8 T O N 

These tiarisistoi ised switches can thus peiJonn all the important functions 
of usual (‘lectro-niechaiiieaJ switch<*s of teJc'jihone oxclianges so f,ii as scdoction 
of the lecjuircd line oi- group ot t.t links is conceined during setting up of a telephone 
connection TImrclorc*., they can be utilisiid in jilace of such .switches in existing 
types of exchanges and the coinplic.ated circuits r<‘(pnic‘d foi liaving cJcuitronic 
exchanges on principle of earner working or time divi.sic)n .system, maybe 
avoided, Sxieech circuits may bo jjiovided liy using otJic'r tiansi,stors or gas 
tubesoi even saturalilci reactors and tJmy may be operated by the traiisis 
torised typos of switches described hero. 
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CORRELATION BETWEEN STRUCTURAL ENERGY 
AND THE PROPERTIES OF THE NATURALLY 
RADIOACTIVE NUCLEI 

A. K. BUTTA AND B. PAL 

Palit Labobatouy of Physics, Calcutta UNivEiiaiTY 
{Ilcccivcd January 1, 1963) 

ABSTRACT. ITio flovifitiDiiB of l.lie oAporimoul/ally ol>iaii»Rcl lundiiiK onoi'f^y of fjlio 
micloi from tliat Rivon by (ho Pciho-Wo'szafhor reluiiori liovo l)oon Hbiidiocl lor Uio a and 
h urlivo mioloi in ihc' natural nidioai tive lanpo In a jirc'vious woiU (l)iitta and otliorH, 1962) 
thObO doviatiuns huvo boon oonsidorod to bo tho sirnotural onor|»y of tho nnoloi, ni-( niditi|T; 
iio tlio gonorally maojitod idous It is obsorvod from a graplncal roprosontation that tho a 
and /; onorgioH, n.s also Mioir lialf bvOH, uro intimatoly connootod wilh tho oliango in tho 
sli nol-inal onorgy, (roin tho disintograting to (ho pioduot imcloi Suitablo roliil.ioijs m l.omiH 
of tho known ooiisl ituonts of tho nnolm and (/ho stiTad-ural oniM'gy chango bS‘ have boon doiiood 
for ho(h tho n-onoigy vidnos and tlio ohsorvod P (jnaxiiinmi) onovgy vahioH Thoy luo given 
by the roiation, 

EaiohB) = S l-.I704(3Z-^)-17.6l Mev. 

JUpiuhs) --- H 0.25 j -0.358(22-JV)+12.S2 Alev. 

Tho agi’pomriil widi ohsei'vod values are qmto flatisfartoi'y. 

Ill 18 kiiiiwii th.di (ho a-onoigy viduoFi for diHoront nno.loi ilo not onme down fowor than 
a, value of (he uidei ol 4 Alov. The iormution ot tho a-partudn in tho j’fnhijinlive nnelouH jh 
also nol propiTly niidorstood. Baaed on a sohemo for the fomiulaun ol the a-piirbielo, a. 
rolation has heen obtiiinod (.o detoimino the lower limit of a-onorgy values for dirieiont 
nuilei in tho fonn 

K^f(hm) -- —8 X (Binding cneigy of the jiroduct nucleuK jier nueli-ori)— .5().6. Alev. 

Tho nbsoi'vcvl a-oneigy v.iIuoh aro gonerally higher (/ban tins lowor limit; as oxpool.ed. 

Fuitlier, tho ImU hve.s of all the ovon-ovon and odd-odd nueloi liavo beoii related to a 
function ol /j, N sueh 1/hut thoy cun lie euleiilutod with fair iigiooment. Wo have for 
iho.so nuclei, 

logL ^ 2 lll[N ~/^)^E^^i‘^-\-h{i)0-Z)) C\{00--ir^)]-QQ 54- 

T 

whore b - 018 for even-oven nueloL 009 for odd-odd nneloi, ia of tho order of 1.7. It 
gives fair agreement between caleulatod and observed values. 

INTRODUCTION 

In a proviouH fiaper (Duiia and ri at., 1962) wo have studied the deviations 
of the liindiug energy of all stable nuclei, calculated by the Bethe-Woiszackcr 
relation, from the experimentally determined values, as tabulated by Everling 
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:uk 1 fiihcrs (lO(iO). The significant findings have been discussed tlierc. We have 
new (ixteuded this study beyond the stable miclci of lead and bismuth, to cover 
tlxe natuially radioiic.tive gi'oujj, as also the artificially radioactive nuclei in this 
region. TJie comjJeto serios 1, and 4w -| Tl, as shown in the sohe- 

niiitic repriiseiitation, in h’lg. 1. wliere the full lines indicate mitiirally radioactive 
series, as also a large number of other artificially radioactive nuclei have been 
eovcied u]) m the present study. Wc have covered in all, about 80 a-disnitograt- 



ing nuclei for viiich binding energy data are available and 25 //-disintegrating nuclei, 
for consideration. Theii binding energies have been oahulated from the Bathe- 
Weiszachei relation. 

We have utilised the constants as determined by us, and discussed in our previous 
paper. They are tabulated agaui, along with those by Green (1954) in Table 1. 


TABLE I 

Constants for the Bethe-Woiszachor relation 



rti 


cr.., 


Dutta and oihora 

16.719 

18.50.7 

0.761 

96.856 

Green 

16.918 

19.120 

0 763 

101.78 


The deviations of the experimental binding energy values as tabulated by Ever- 
ling, from thosQ calculated by the Betho-Weiszacher relation, have been eal- 
culatcd for all these nuclei. We have jilotted and connected them through 
a-disintcgration piooesses for the natural radioactive series onty, in Fig. 2, in 
order to avoid confusion by the intersection of lines due to different series. The 
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nature and cliaraciei iRtic-s of the curves due to otlier disintef^ration senes have 
been found to he similar, in all respects. We liave plotted in tlio curve the 
values for a-disintegratin^ nuclei against mass numbers, as followed in the 
previous jiajier. To bring out the /^-disintegration ch.iracteristies to better 
relief, one should plot the A E values against neutron numbers, as we have 
done later. 


c 



Fig. 2 Vs. mass iiumljoi's of tlio a-diMuiognitnig miuloi of tfio lovir nirlioacl.ivc, sorios 

It will be observed from the graph that the change in the A E values from 
one nucleus to its disinf egration product, which we prefei* to call as /V, tin* structural 
energy change, vanes with the a-energy as also with the half hv(*.s t in ii very 
regular way. The structural energy change, is, thus, intimately related with 
the energy of the a-particles and through it to the half hves of disintegration. 

In the a-disintegration chain, in a particular series, the values of E change 
from a small negative value, through a nearly vanishing magnitude, to a com- 
paratively large positive value. The a-energy values and the half lives, corres- 
pondingly suffer a systematic change, starting from apparently arbitrary positive 
values. This is true for all the different senes, although the magnitude of the 
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oiiergy and half lifn valucH, in relation to the stiuctiiral energy change varies 
with the senes. 

In the oiiso of the /f-encrgic‘.s, the maximum energies observed and tlie struc- 
tural energy chang(i ^V, do not appear to be immediately coTielatcd, Wo will, 
liowovm, tak(i uj) the problem of observed /f-enorgy maximum, in relation to the 
stiuctuial energy (ihange, in a later section. We have utilised the data for the 
a-energies and the maxmiuni /y-enoigics given in the National Bureau of 
Standard, Circidai No. 491), 1950 and in the Table by Stroniinger and others 
(195S). 


ANALYSTS OP a- T A ll 'J’ T (5 L K E N 10 U G Y 

To analyse the data, one observes that in the case of almost all the a-dis- 
integraf.Tiig nuclei, tlie energy of tlu^ a-particlc satisfies a siiuiilc relation namely, 

E'—E" — i?„-[-(B.^)^+rocoil energy ... (2) 

Hero W and 7?" are the experimental binding energies of the disintcgiuting and 
the jnodiict. nuclei, ohlaiiied from Evorling’s table and the binding energy of the 
a-particle is taken to be 2S 3 Mev The rciuul energy comes to a magnitude of 
the ordi'j* of 0.1 mev., and may be neglected generally. For different associated 
a-eiiergies or enoi'gy speiitnun for one nucleus, one should liavo different binding 
energii'H, for vluch, uiifoitunately, the binding energy data are not available yet. 
We liavc associated the binding energy data with the most abundant process of 
disintegration of a particular nucleus. The above relation originates from the 
fundanieiiial mass and energy balance principle. Thus : 

E' = M' E" = 
giving us, from relation (2), 

M' = M" -\-M^-\-E^-\-togo\\ energy of product nucleus, ... (2a) 

the energy balance eipiation. The a-particlc energies, thus, satisfy the fundamental 
energy iirinciple i“igidly. It is determined by the binding energies of the dis- 
integrating and the product nuclei, which remain completely arbitrary, so far. 

To proceed to understand the energy relationship more explicitly, wc may 
put E' and E" in terms of the Bctho-Woiszackei’ binding energies and E" 
along witli the structural energies ^E' and A£?". It gives us 

E’-E" = 

whore VS" is the structural energy change measured in mev., from 

the disintegrating to the product nuclei. Thus, in view of relation (2), we may 
put the a-oiiergy relation, in the form, 

E^ = S-\-E‘jj—E"jf~{B.E)u a recoil energy 


( 20 ) 
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Tlio involved ieniis, beside the struetiu'al eiiorg^^ chaiigi^ is v;iilier eoiiiplieaicd 
to be interpreted in terms ol , simple niielear eliiiraeteristKiS. One lu.iy proceed 
t(t find a more easily luiderstandalilo relation bv ta.bulatmg the com])osiLio]i eliaiae- 
teiisties ol the ooiuplete. set of dilferoiit a-disintep-atiiij’^ series, sep:ii id.tily, a.long 
with the-ir H) vahies. It becomes evident tli.it tlie aS') values Ibi' a 

particular senes, with the lixed value of {N—Z), inciease V'lth (A^ j Z) or the 
nucleon number of the flisintegrating nuelous and foi differout seravs, with any 
fixed value of (A^+Z), vahies, similarly, decreases regularly with (N—Z) 

values. These observations may be put m a geneial form oi relationship, cover- 
ing all the a-disintcgi citing nuclei, as 


E^ - >S^+ 1704(xV-| Z-2N Z)-17.(>1 Alev, 
or E,^ ~ tS-j 17()i(3Z—N) -17.61 Alev. 


... ( 3 ) 


Th<i contiibution of Bethe-AA^eisziKiker binding oneigy ei-c. to the a-energy, then, 
leduccs to be pvoportiomd to llie cblTeiouce between thi'. imiss number and double 
the excess-neutron ('onteiit of tlie disintegrating nucleus, together with a. lumstant. 



The agreement between the relation and tlie observed a-enmgies is rciiiah- 
ably well, as will be evident from the graphuial rciu’esejitation in Fig. .*}, vhore 
we have plotted the experimental E^^ values agaiiist the right hand exjirossion 
lor the corresponding disintegrating nuclei, having particular N and Z values 
and the structural energy change JS, as obtained, from (E'- E"). The calonlated 
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and obHOTVcd v^aluori of along with the ealculaterl H values, are also tabulated 
in Table 11 Avith the observed and ealcidated values of log 1/7’ lor some nuclei, 
discussed latei- on. There is a slight in cgiilarity of the orrler of 0 1 Mev , lor nuclei 
with low neution content, like the poloniuui isotoj)cs {Zt — S4. iV ~ 126, plotted 
in Fig. II on the loiver legions of the graph), which may be due to experimental 
eiror in th(‘ determination of binding (uicrgy or the a-eneigy, or might be duo to 
some other factor not taken into consideration for those low neutron content 
nuclei. 



Fig. <1. a- Decay energy agiunat change m AE, j.o ‘S’ joined through radioactive isoLopos. 

It is further obscrv(3d tliat for any particular element, characterised by 
the cliargo value, iS’ increases with the decrease of the neutron number i\r in the 
nuclei more or less linearly and for the different elements they are disjilaced later- 
ally, with some ehanges in the inchnations of the linos, as will be observed from 
Fig. 4. For the isotopes Avith a comparatively small number of neutrons, parti- 
cularly, for the element polonium (Z = 84), the plot of the iioints give an irregular 
fall and a use. The Avholo character of the diagram is very similar to the well- 
known a-enorgy mass number plot of Porhnan and others (Perlman, Ghiroso and 
Seaborg, 1950). A plot of 7?^ against S or against mass number is, therefore, 
not very helplul in elucidiation of the determining factor of a-energy. It shows, 
however, that for the isotopes uf an element, the a-cnergy values increase regularly 
with the structural energy change 7?, whiiJi increases with gradually lower neution 
content of the isotopes except for the very low neutron content elements of the 
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polonium niu-lci Tho plot of Perlman and (dhers moreover shows that a parti- 
cular value of Z. vanes irrepfularly with the neutron number and for different 
values of Z the nature <if irrep^ularitv varies without any possibility of smooth 
cori'clationshi]). Tt indie, ates that cannot be nioasurod in terms of any smooth 
function of N and Z, as has been attempted by G V. Dube and L S. Lingh (1954), 
y. P. Varshni (1956), M. K. Uamaswamy (1056), and Dvans (1955). 

TABLE TI 

Oliserved anfl calculati'd charaoteristic of -disintcgi’atmg nuclei 

01 )s r)iil( . Ohs I Oh, I f t Ob,'^ Cn,l(! 


N-Z 

Z:A 

S 


Ti 

’n 

E 




r,4 

92;2:iS 

-0 

37 

4 

IS 

4 

17 

-17 

10 

r»2 

04,2 to 

-0. 

30 

0 

10 

0 

10 

-11 . 

28 


00 2:i2 

-0 

23 

3 

08 

3 

07 

-17 

70 

no 

0fi;2.l2 

— 0 

42 

0 

11 

0 

17 

- 7 

11 


04,2:4S 

0 

30 

.7 

01 

0. 

04 

- 0 

40 


02 234 

-0 

47 

4 

70 

4 

70 

-12 

87 


00.230 

1 0 

12 

4 

no 

4 

00 

-12 

50 


S8;22(i 

1-0 

80 

4 

80 

4 . 

70 

-10 

70 


8(1,222 

-h2 

30 

.7 

40 

0 

48 

- 0 

51 


84,218 

H 3 

02 

0 

00 

.7 

00 

- 2. 

20 

4S 

00,210 

-0 

.78 

0. 

30 

0 

30 

- 0 

30 


04,2.30 

- 0 

t4 


70 

,0 

81 

- 7 

03 


02-232 

-0 

2-7 

0 

31 

.7 

32 

- S 

08 


00,228 

H 0 

02 

^r; 

12 

7 

10 

- 7 

78 


88 2J4 

r 1 

40 

0 

08 

,7 

00 

rj 

00 


80.220 

1 2 

74 

(i 

28 

0 

20 

— ] . 

74 


84,210 

-f-3 

.00 

0 

77 

0. 

70 

-1 0 

84 

40 

04.234 

-0 

33 

(i 

20 

0 

20 

4 

40 


02:230 

-0 

01 

0 

80 

0 

SO 

— 0 

20 


01,228 

+ 0 

03 

i; 

OO 

() 

00 

- 4. 

00 


00:220 

-1 1 

11 

0 

30 

0 

34 

- 3 

27 


80;224 

1 1 

27 

0 

17 

0 

10 

- 3, 

,50 


SS;222 

+ 1 

00 

0 

01 

0 

64 

1 

08 


87:220 

+ 2 

47 

0 

()0 

0 

07 

1 

40 


80.218 

4 3 

2.7 

7 

1 2 

7 

12 

1- 1 

72 


8,7.210 

-1 4 

27 

7 

72 

7 

78 

+ 3 

. 02 


84.214 

+ 4 

..70 

7 

08 

7 

00 

-1 3 

83 

44 

02:228 

1 0 

47 

0 

72 

0 

71 

„ 2 

70 


01,220 

-1 0 

80 

0 

81 

0 

70 

~ 2 

01 


00:224 

1 1 

00 

7 

20 

7 

1 7 

_ 

0 


89,222 

+ 1 

73 

0 

00 

0 

. 00 

0 

74 


88,220 

-1-2 

.74 

7 

40 

7 

42 

1 1 

.02 


87:218 

-1 .3 

.20 

7 

SO 

7 

84 

1- 2 

30 


80,210 

-3 

7 

8 

07 

7 

00 

— 1-4 

00 


8,7:214 

+ 4 

.0 

8 

78 

8 

78 

^-1- 0 

70 


84.212 

1 n 

25 

8 

.77 

8 

75 

+ 0 

70 


loR 

E-Z 

Z:A 



I 

^IV 

K 

„ 

17 

41 

51 

90.241 

~0 

49 

r, 

48 

rj 

OR 





04,230 

-0 

57 

r; 

1() 

0 

10 

_ 

n 

88 


03,237 

— 0 

03 

4 

77 

4 

80 

“ 

17 

50 


02,235 

— 0 

01 

4 

50 

4 

50 

_ 

7. 

07 

49 

05.230 

-0. 

00 

5 

77 

0 

82 


0 

34 


03.230 

0 

00 

0. 

no 

0 

07 

_ 

12 

70 


02,233 

- 0 

00 

1 

82 

4 

80 

_ 

12 

12 


01,231 

— 0 

03 

5. 

00 

fj 

02 

_ 

10. 

()l 


00,229 

-1-0 

31 

0 

05 

0. 

02 

_ 

0 

01 


80:227 

-1 0. 

, 00 

1 

04 

4 

02 

-- 

1 

HO 












47 

03.233 

--0 

02 

0 

03 

rj 

50 

_ 

r', 

04 


01:220 

1 0 

27 

5 

00 

r. 

00 


7 

73 


00;227 

1-0 

07 

0 

00 

0 

03 

— 

0 

07 


80,220 

1-1 

00 

0 

80 

5 

80 

_ 

7. 

04 


88.223 

-1-1 

48 

0 

.72 

0 

81 


5 

03 


87,221 

1 2 

24 

0 

30 

0 

30 

_ 

J 

80 


8(1.210 


10 

0 

82 

0 

80 

-I- 

1 

20 


85,217 

-i 3 

08 

7 

02 

7, 

,03 





81.210 

-1-4 

30 

7 

30 

7 

30 


0 

00 










5 

80 

45 

02:220 

1-0, 

,30 

0 

42 

0 

40 

— 

4, 

20 


9]!227 

-f 0 

70 

0 

40 

6 . 

47 

_ 

3 

24 


00;22n 

1 1 

18 

0 

07 

0 

50 

_ 

3 

53 


80.223 

1 1 

07 

0 

04 

0, 

,03 


1 

50 


88,221 

-f-1 

98 

0 

.71 

0 

00 


1 

00 


87.210 

+ 2 

01 

7 

30 

7 

24 

1- 

1 

54 


80:217 

+ 3 

OR 

7 

.74 

7 

70 

-1 

3 

.20 


8.0;210 

1 4 

.28 

8 

00 

7 

OR 

1- 

4 

40 


84,213 

-h r> 

.01 

8 

.34 

8 

.33 


■ 2 

80 

43 

84:211 

4 3 

.71 

7 

43 

7 

30 

_ 

. 2 

00 









_ 

0 

.40 

42 

84:210 

-1-1 

33 

5 

30 

0 

19 


1 

17 

41 

85.211 

-1-1 

30 

5 

80 

0 

70 

1 

1 

.09 


84,209 

-f-o 

82 

4 

00 

4 

80 

1 

2 

14 

40 

S0;212 

4 1 

30 

0 

17 

0 

.18 

-1- 

3 

04 


81:208 

1 0 

77 


,14 

4 

97 

4 

5 

.37 

39 

84,207 

-HI 

50 


10 

4 

97 

H 

0 

,40 

38 

87:212 

-hO 

.70 

(i 

20 

0 

.30 




84,200 

-1 0 

03 

r; 

20 

0 

.07 


We have already noted that the a-particle energies satisfy the relationships 
(2) and (3) namely, E'~E" ^ ^~|-(B.E)„or 

E^, = iS'-f.]704(y+Z-2y-Z)-17.61 Mev. 
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Wiili the }wl|) oJ these relaihniH, it is poasilile to probe into the reason for the 
Imiitatioti of the a-energv niiignituclc on the low energy side . Jn obtaining the 
lower limit ol obseived a-eneigy and in attempting to understand the formation 
ol a-]jartiel(^s. w'o liave depuj ted from tlic idea that the a-partieles cross the central 
jiotenti.il barrier and eonsidcrcd that the outcoming iiarticlc interacts strongly 
Avith the rest of tin' niidens as was suggested by Chang (1940) and modified by 
Preston (I Ob I and discussed thisoretically by Brussaard and Talhock (1958). It 
IS well laioM-n iJiat the energy of the a-particles are limited, on the lower side, 
to a inagnitude of about A Mev only. This jiroperty should be rtOated to tli(‘ other 
(unisKion characteristics of the nuclei These arc the observed facts tliat some eif 
the!se‘ mu'.lei are .dways a-disintegrating, semie /j’-disintegratmg, senne are both 
a- and /j'-disiidegi acting aaid finally, the end yireidncts of these disintegrating se'vies 
arc stahle In enir attern^it tei unelcrstand tlmse characteristics on some basis, 
we note tha.t tlie seto])o of the valielity e>f the prineuple^s shemld be tamsidtiied res- 
tri(‘,ted t^ei the region of the Imavy nuclei, in the first instance. Appreipnate- modi- 
liesitioiis in olheu’ ranges of artifieual disintegration arc likely. 

fjct ns now etonwidcr JiJ’ to be the binding energy of the ‘A' micliMms in the 
disintegrating nue-louH and liJ" as the binding energy eif the (A-4) imcleons in the 
proeluct nucleus foi- au ix-disintcgi'atiem proeje-is The binding emergy per infejleon, 
ill this iiaturaHy radioactive region is of the eirder of - 7.7 Mev , and it vanes 
from n Helens to nncleus. If the binding energy per nucleon of the disint egrating 
and tlie pieiduel. mieleus obtained the same value as —7 7 Mev . wo would have 
JiJ' — E" — - 80, S Mew. From the expression for JC^, in rehitiein (2), we would have 
its magnitude as. E ^ = -3().S Mev. ~ (7? E)„ — 30 8+28 3) Mev = - 2.5 Mev., 

which IS a negative epiantity and would restrict the formation anel euiiission of the 
a-partieile We now moelifv the binding energy of the disiiite grata iig nucleus 
in sueTi a v^ay, that eompareel to the binding energy of the product nucleus, em 
the basis of - 7,7 Mev pen- nucleon, there is a tedal sliertage of energy amount- 
ing to 2 5 Mev., i'll the disinte^.grating nucleus. The distribution of nuch'ems m 
the disintegrating nueleris weiuhl, on occasions, take the form of the product nii- 
eleus for (A-1) of tiie nucleons, with its ner-essary energy distribution, leaving the 
shortages of 2 5 Mev . to the remaining 4 nucleons. This is plausible, as the 
(A- 4) nuclei'll' e-oniposition is kiieuvn to have a structural configuration, corres- 
pemdmg to that luneling energy, when loft to itself. The four nucleons, with a 
shortage of 2.5 Mev , would be loft with —28.3 Mev tho amount required for the 
binding energy of tho ot- particle in its free state. The a-particle, however, could 
not lie formed under the conditions. Tho available energy —28.3 Mev., would be 
distributed among tho four mielcons, mutually, as also between these nucleons 
and tlie neighbouring nucleons of the main structure. The formation of an a- 
particle, nnder the conditions, would require that the binding energy per nucleon 
of the 4 -particle entity, vntli its neiglibouring nucleons in the composite structure, 
is less tlian the a-jiarticle integration energy per nucleon, as a separate entity, 
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njiioiiuting to — 7.075 Mo v., otherwise tlic formation of the a-x)artif;lo would not 
he possil)]e. 

To <!larily and illiistrato lot us trike the a-partiele in tlio free stiile, vMth the 
binding energy [jer nuclcMni iiniounting to 7 075 Mov As one of the .‘iH;ernativo 
proc'osscs of oonjccturiiig, this amount may be t.Lkoii to signify the binding miergy 
oi any one oi the Jineleons to one of its neighbours, ni a particular sense or direc- 
tion, oaiih inuilcon behaving in a similar way, in a ri'gular order. In the case of 
a birgc close jiaokod structuie in space, we may proceed to conjecture in a similar 
wav and are foi'c.ed to iissociate a larger number oi mi(;lcons, simultaneously, to 
each nucleon, wiih a similar behaviour for other nucleons also. Such distribution 
oi binding energies lor all the nucleons wi^uld compose the i inuplete cohesive 
charaidev of the larger nucleus. 

Tn a three dniiensional close jniekcd structure, each nucleon uamld be linked 
witli six oilier nucleons, generally, in the three diroiitions ot sjiaee, wlieveas, 
eonsidoring only tlie a-particle entity in the same structure, wo would have each 
niieliioj) associated with two other nuidoous only, along the two diieci.ion,s ol 
space The assocaations of a nucleon with the outside nucleons, corresjiouding 
Lo the large]’ stimjturc Jind vdlh the inner gioup to compose liiiiilly the a-pfirticlo 
are iluis, in the ratio of 2/3 to 1/3. Furiher, in the sense that an isolated 
a-partule, would luive ciich mieleon associated with one other iiueleon, in a 
jogiihir v.iv, \vc would luive in the e.ornjiosite structuie, each micleon asRo- 
I'i.ated u itli -thiee other iiucdeons in a rcguLir way, to Imild up the complete 
colicsional siruclui'c. Thus, we may eonsidor, for the possibility of integration 
oi tlie a-x)ariiele us a sc-jiarato entity Irom a eonijMmito sl.ructuri^ the necessary 
ri'latioiisliij) to be sat/isfied as, 

1 1 /3(/^.i^)„,„ ^ 7.075 Mev 

llcie. (B.F )p,„ signinoR the {Ti 111) of the product iiucleus yrer nucleon is 

the binding energy a.vailable to each of the four nucleons which uamld form the a- 
pari icle and signities that the left hand side exiu’cssion is niori', positivii or weaker 
in si.rengtli The iuuomit —7 075 Mov. niojisures the binding energy jicr nucltiou 
of the a-partude, to be formed limilly. As an oxanqilc, when Ave have [B = 
‘^8 3 

—7 7 Mev iim[{BE)^^,,^ - — Mev, we have the loft hand exjiiession amount- 
ing to —7 4i) Mev. Avhuh is niueh stronger than a-integralion energy. The xiartiele, 
thus, cannot be formed. 

We considiM* here the prmjess already envisaged, that exccjit for the four 
nuclooiiR to form the a-jiartiele, finally, (A--4) nueleons of the dismi (‘grating nu- 
cleus takes the structural form for the product nucleus and tlie energy difference 
E'- W are associated with the four nucleons only, so that, 

= 1/12 (E'-E’). 
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Whtiti vvc put ^ ^„-28.3Mcv , 

aacoordmg io relation (2), wo liavo 

/i,’^(lini) )p, „-5().6 Mev. ... (4) 

wlicre E„{l\m) is doi.oriuinod by the equality relation. 

Thus, the loAVor limit of tlic emitted a-partieJe encr^^y may be obtained, on 
tlic basis of 3 boiuls ])er nucleon, Avhen the binding ener^^y of the prodiud nucleus 
is knoAvii Cali'iilatcd on this liasis, the lower limit of the eniittcd a-enorgy comes 
out according to ex])ecl.ation, gcnorally, except for nuclei with lower neutron 
(!ont('nt, wlicre the number of neutrons is etpud to or less than 1 .5 times the jiroton 
numlier and also foi the nucleus ,232). In these cases the (ailculatcd lower 
hunt of tlwi a-energy is Ingliei- than the observed energy. Tf. is exqiected that the 
number of bonds jier nucleon should depend in someway on neutron-proton ratio. 
Wo find that the limiting values become adjusted to the jiropcr magnitude, rvlien 
the bonds per nucleon in tliese cases of low neiition content nuclei are taken as 
2.5 in ])laiie of 3, considered for other nuclei. The reasons for disagreement in 
case of the (dement (90,232) remain unexplained It is, however, not unlikely 
that the luimlier of bonds to lie associated ])(rr nucleon should be graduilUy ad- 
justed, accoiding to the jiroportioii of neutrons and juotons in the nindci, and 
thus, the lo\v(u limit of the a-particle energy also should be lurther adjusted liy 
(jorrers ponding modifications in the relation (4) above. 

When tliore is no a-disiutegratioii in a nucleus and there is no known 
nucleus lairresponding to the product nucleus comyjosition, we may (istiiiiato 
the ex])(M!tcd limiting value of the a-energy from a modified and aiiproximato 
I'elationship, vdiich innncdiatidy folio w^s from the rclafion (4) above. Thus, we 
may jnii, 

fi.(lmi) ... (4ii,) 

where (B.IS.)„ is the Ijindins energy of the diHintegratmg nurlcua iintUiJ is the 
energy cliHV-rence in the c/oucerned range, between other nuclear set {Z, A) and 
{Z~2, 4), such that {n.E)jj-~^E correspond to an approximate value of the 

binding energy of the product nucleus, making relation (4a) identical with (4). 
The values of HE are obtainable from binding energy tables. 

In Table TIf below, we have compared the calculated Bmiting values of the 
a-energy with the observed energy values for a-disintcgratirig nucleus or with 
relation (3), in the form, 

^ S-i .n04{N-\-Z- 2N-Z)~\1M Mev., 

which has been found to determine all a-energy values satisfactorily. The limiting 
a-onergy values for all the nuclei, where the neutron number is more than 1.5 
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TABLE TTJ 

Liuiiting a-encrgy v.iliies and ('.alculatod or olKsorvod a-cn(a‘gieK ol’ various tv})OB 
(d‘ he^^v^' 


r)isiiii,o^(iiiU()ii 
characiej oi l;ho 

Niiidfus 


fc’.,(obs) 

lieinuks 

TlUcll'US 


((nil) 



l)2.2:iS 

4 18 

4 J 

/i',^(i)l)s oi cull ) 


‘)2.234 

4 43 

4 70 


!>1.23l 

4 .5!) 

5 0 

;>/i/ i(liiri ) 


i)0,227 

4 88 

0 05 



90,228 

4.84 

5 42 


a-difiiri logratjijj,' 

HG,222 

5 20 

5 40 



S(i,220 

5 47 

0 28 



80,21!) 

5 55 

0 88 


N > ISiZ 

sr.,2i7 

5 74 

7 02 



84.21 K 

5.50 

0 0 



81, 210 

5 . 84 

0 77 



84,215 

5 03 

7 30 



84,214 

0.00 

7 08 



84,213 

0 1!) 

8 34 



84,212 

0.34 

8 78 



84,211 

0 35 

7 . 43 



90,2:i2 

4 53 

3.08 

I'Ja ()))s. < /!;„ (lun.) 

uhng 

87.212 

5.0 

0.25 

/!(\i(li]n ) wiili 3 and 2 .l5 



1 43 


IjondM jHu nuclDoii. 


80,212 

0 09 

0 17 

Upper values with 3 

N < L5yj 


4.57 


bondH. 

85,21 1 

0 21 

5 8!) 




4 08 




84,210 

6.30 

5.30 




4 80 




84,20!) 

0 38 

4 05 




4 7!) 




84,208 

0 42 

5.11 



4 83 




84,207 

0 42 

5 10 



4.83 




84,200 

0 45 

5 20 




4 85 



a nnd p diHintogruiing 

83,214 

fi.lO 

0.07 

/!/(,. (calc, or obH ) 


83,213 

0 32 

0 02 

(Jim.). 


83,212 

5.90 

5 50 



83,211 

0.07 

0.00 


fl-iliHiiitdgrating 

01,23 1 

4 43 

S 1 4 40 

E^^ I'idi'ulak'd, ovcejiL (S' 


00.234 

4. 48 

iV h 3 80 

(S' values ~vi\ Hiniill 


N!),228 

4 7!) 

(8’+ 4.15 

in the range 


80,227 

4 80 

.SH 4 31 


88,228 

4.81 

6'-| 3 47 



83 210 

0 48 

S+'A 13 

(‘ali'ulutoil, oMejd. (S'. 


82,214 

5 9(» 

1 77 

(S' 3 5 in tJio 1 tinge. 


82,212 

0.J8 

iS' 1 2 1 1 


82,211 

0.31 

(S' 1 2 27 



82,210 

0 40 

^'+2 46 


Stable 

83,209 

0.40 

iSH-3.3 

Upper vulue.s A’,, calcu- 




(S'- 3. 3 

lated. Lowoi valuob 


82,208 

0.48 

(S' ( 2.S 

Efi ealeiilaied. S 




(S'-l 0 

VLilnoH Htioiigly nega- 


82,207 

0.50 

(S'H-2 97 

tive lf)i hoth. 



(V-2 03 



82,200 

0.57 

(S' 1 3 13 
(S'- 3 3 
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tilUCH the proton numbor, liavo been calculated on the basis of 3 (lohcsional bonds 
for CcKih ol ilio iieucleus as (lisciiBsed before. For nuclei with the neuti'on number 
J .5 tunes oi less than tlic proton number, the limiting a-energy values have been 
(“al(,nlaied witli the ('oliesional bond nimiber per nindcon as 3 and also. The 
observed ia-enc‘igy vabies are in a.greeniont with the limiting values cahiulated 
with 2 T) eohc^Hioiial bonds, as against 3 eohcsioiuil bonds recimred for other nneloi. 

It show^s the necessity ol ehango in bund eJiaraoteristies witli the change in 
neuti'oii pi'oton proportion. ! 

f*\)i the /^-disintegrating particles, wo maj'’ eonipare the expected a-eiiorgy \ 
values calculated from the relation (3), with the limiting a-energy values olitain- ' 
able from the relation (4a), where the 8 values have to bo estiniatod. Tt is found 
in those cases, that the expected a-cnergy values for such nuclei are lower th:i.n 
tlie limiting a-euei’gy values. It tends to indicate why those nneloi a.re not of 
the a-disintegraling type. For those nuclei which have both a and (i disinte- 
grating charaideristics, it is observed that the limiting a-enorgy values and the 
calenltated ones arc nearly equal. For stable nuclei the limiting a-eriergy vtdiies 
are mueli higlier than the expected ones, ealoulatod by the a-eiiergy relationshij). 
For these nuclei as also for the /i-disintegrating nuclei, a-dis integration is dcliarred 
by the limiting energy condition. 

P Jt I N 0 ] r L E S OF «-A N D /j-D I S I N T E G 71 A T I O N„ 

This brings us to the problem of /^-disintegration. We limit ourselves, in 
our consideration, to the study of the maximum /9-energy of the nuclei, in the 
naturally radioactive range, along with the artificially radioactive nuclei in the 
same range. We do not involve ourselves with the continuous characi-er of the 
/^-emission. As in tlio case of a-energy values, the expected /9-omission energy 
may be calculated by a relation, based on fundamental energy principle, namely, 

= ... (5) 

whore E' and E" are the binding energies of the disintegrating and the product 
nuclei and is the neutron- jiro ton exchange energy, araounting to .78 Mev. 
As a matter of fact these expected /9-energy maxima values have been tabulated 
by Everhng in his table, on the basis of the above relationship. By a process 
similar to that followed to derive the a-energy expression (3), in terms of A, Z 
and 8, we may find and replace the equation to determine the expected maximum 
fi-GXiergy by the relationship, 

=:= ^-0.179{(A+Z)-3(A-Z)}+12.28Mev. 1 ... (6) 

^ /Sf-0.358 (2z-N)+ 12.28 Mev., J 

w'herii 8 ih the structural energy change for /9-di8intogration. The lelii tioii covers 
all the calculated E^ values in this range quite satisfactorily. Tliere is, liowever, 
no limiting value of E^, on the low energy side, as it obtains in the case of , 
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acooi'diiig to obsorvatioiJ. Aii allowed value in this r ange is, tlierofore, given 
by any positive value for Efi in the expression (b). If wo calculate the expected 

values for- the four stable ruudei tabidated in Table TT and eonsidei* the fact 
that the cxpocled »Sf values for all of them are negative, they being in the posi- 
tions of iniiiinia for the /!^E—A curves, wo have their expected Ei> vabu^s str ongly 
negative, indicating stability. 'The calculated values of Ep arc also incorporated 
in Table III. 

We may thus infer the following underlying principles. When the noutron- 
])roton content ol a luo lon.s, along with the structural energy change for a possible 
disintegration, obtains a value of calculated by I'cl.iti on (II), Arhich is larger- than 
Ea (liin) calculal.ed liy r-elations (4a) or its modified form for the nuclei, with a 
lower periierilago of neutron, wo expect an ot-particle emission. For the nuclei 
on the bolder line having E^ ((^alc) — E^ (lim), we obtain lioth a and /i emission. 
1^'or E,^ (Calc) Viilues definitely less than E^ (lim), we have //-emission only and 
its maximum jinssiblc energy can be calculated by i-elation (fi). When the <*iil- 
ciialted Ep vjduc becomes negative, the nuclei would belong to the stable category. 

\i E L A 1’ I O N 0 R Ep-M A X I M U M 

Tlio observed Ep maximum values are not always equal to the values expected 
from energy coiisidei-ailon, and calculated by the above relations (5) or (0). 
About fifty peicenl of the observed values, in this range, agi-ee with the calculated 
ones, and in scmio ol these cases, there arc moic than one maximum for one nucleus. 
Otlier observed values are generally some fr-action of the oxpetited values and in 
lew eases the observed maxima values arc definitely lar-ger than the exjiocLed ones, 
on energy consider ation. The observed values of //-energy maxima, in this range 
Auiric/S from a vanishingly small magiiiiudo to a value of the order of ru-arly 4 Mov 
1\) uiidei-stand the discrepanc.y between the cahuilatod and tJu* obseived //-energy 
maxima, we may irlot the values from the Belhe-Weiszaekor relation against 
neutron numbers, lor all the //-active nuclei, in this range, along witli tlie associated 
a-energy changes, as shown in the figine (5), hy full and dotted linos, it would 
be observed that about 1 2 //-active nuclei, which have at least one observed value 
of the same magnitude as the calculated ones, lie on the maxima oi minima 
of the versus A^-graj)h, which gives us, from the eouise ol the cuj ves, /S' 
against N values. These iiiielei are, therefore, in stationary states wjtli regard 
to strucluial energy change and satisfy the eiiterion dHjdN — 0. The remaining 
ton iniolei have their observed Ep values a.s different fractional magnitudes of the 
calculated ones, while two nuclei have definitely higher observed values. Cor- 
responding to the large or small variations of the observed and calculated values, 
they lie on a steeply or slowly changing regions of the curves, as will bo observed 
in the figure, having both positive and negative values of dSIdN. Those nuclei 
are on nonstationary states of structure. The large drop in the observed values 
from the calculated ones for the element 81{TI), with 127, 128 and 129 neutrons 

6 
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10 clo0oly related with their pobitions in Btecp regionw of the curves A£ 7 — JV. Those 
nuclei are on rapidly changing states of structure. It is implied that the / 7 -dis- 





Fig. 5, Ys. neutron number for a and 3-di.smtergrating nuclei . 



Correlation between Structural Eyiergy, etc. 


327 


iiiicigratiiig nuclei, on such slojung regions of the curve, have not attained the 
structuie lequired hy their eonstitiiljoii fully and should have their striietural 
energy term 'S' in i elation ((i), accordingly modified It may be noted that from 
our re.hitionship lor S with j-eforence lo the curve, dSjdN is negative for a down- 
ward slope oJ' the curve in the direction of decreasing N. This indicates the 
iriterion for ]io.sitiive dSjdN values also 

A'Ve, Iheri'loic, replaci* (he structural energy term ‘S' in relation (0), by a more 
suitable tonii lbi“ tlu^ observed /7-energy values, in aci;ordanco with tlie obser- 
vations, just made and replace A' by ( 1 |-7\ , in the relation, for the ob- 

\ dN / 

Hi'rved /j-energy A constant- value (»! K — 0 25. Ra-tisfies the observed /?-energy, 
A'abj(\s nl lli(^ nuclei, on the basis (»f the curves as diawii in Fig. (5). We may 
thus, modify the relation (G), for obse-ivcil /?-energy in form, 

y7/,(obsei\edma.\uiia) -- l-'r0 25 j 0 358(2^ N) ] 12.82 Mev., ... (Oa) 

vJiich obtains all the- olsserved values satisf.ietoiily, including those with observed 
valiie-s bigliei th in tju* (‘xpected or eahuLi-ted ones. Previous attempts hy 
niiieclauf (Pits), iSuessaiid.Tensen (l<)52) and Wa-y and Wood (1054) to systematise 
the //-imergy maxima cither observed or exiiected in tliis region of heavy nuclei 
do not- suggest delinite relation.ship to ealeidate the values. It may be noted, 
houe\'er, that there is a- seo]>e of fid|nstiiig the cinvatures of the curves to suit 
the observ^ed values. This sooiui of adjustment of the curves gives us also a range 
of the poKsililc /y-enorgy values in a continuous way, wliich is significant. It 
also limits tlio flexilnlity in (Iran mg the ennuss in view of the limitations of the 
range (d observed values for a nucleus. 

We may fuilhor remark that the observed multiple valued //-energies should 
conespond to multiple valued binding energies. We have, however, till now, 
only single binding eiiergie.s for disintegrating nuelei, and presumably that for the 
more stationary states, corri‘spoiidmg to the largest of the oliservod values, with 
which the curves have been fitted. 

It brings us back to the case- of calculated a-energics by relation (3), where 
we have not modified the term S in the expression lor E^, to get good agreement 
lietween observed and calculated values, although the nuclei he on as steep curves 
as in the case of //-disintografion. This implies that the structural change required 
by the curve, for a-dismtegration is generally established. The structure 
evidently should be automatically adjusted to the constitution, as, in such emis- 
sion the product nucleus is already formed wuthm the disintegrating nucleus, 
according to our observations in connection with the limiting value of a-particle 
energies. 
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IT A L F T I F F - - o:- E N F R HY R F T A T I 0 N « FT I F 

Wo cojjolnde our work with a .study of the intcrrehition hehvecji the luilf lives 
and energy of the a-disintegrating nuclei. Quito a lot of vnrk lias lu'cii doiu? on 
this lino, heginning witli Geiger and Niittal’s work (1011), and elaboriiled initially 
hy Perlman, Ghiroso and Sealiorg (1950). A more comprehensive, up-to-date in- 
lormation is conpilied hy Preston (19G2). The Geiger Nuttal laav connecting the 
rangt'H of the a-particles with the decay constant d, came inl-o dilficulties bcc.auso 
of niisfit.s, and this difficulty has not boon lemoved till now It has been noted 
by UR that a.s a guiding pi inciple for all a-diKintcgratnig mutci, one may take 
log 1/t, as roughly proportional to E", for a deiinite amount of oxiicss neutrons. 
The sloiies are proportional to the reciprocal of the cubes of the exce.ss neutron 
amount and the displacements along the E'- scale are also measurable m terms of 
{N — Z). Thei e are, however, tpiito a numlier of large or small deviations. 

It IS, however, possible to adjust the deviations from a sinootb linear course, 
by suitable terms deiiending on tlic nuclear charge, particiilai'ly, for all Ihc evim- 
even and odd-odd nuclei. As an example we may I'efoi- to the plot of points, in 
Pig. (0), corresponding to an excess neutron content, amoiintjng to 50, where 
log 1/r values ai-e plotted agaiiLst E'~ values, iiutially. The points lie seattm'ed in 
the field, as would be noted on a iicriusal. if, however, wo plot log I /t against 
0.018(90— Z), for these oven-even nuclei, the points move over to a straight 
line, as has been indicated in the saino figure. It is interesting to note that in the 



Fig. 0. Logiol/tVs. f(E„*)for(N— Z) = 5U. 


case of all the even-even and odd-odd nuclei, excepting for the five low neutron 
content nuclei with N < 1.5Z, an almost identical relation will bring, the points 
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conesponding to difforeut {N—Z) values, on dilTorcut straight linos. Their inoli- 
uatioiis arc made to correspond, wlion the slopes aj*o multiplied hy the (aihes of 
the respective {N—Z) values. The diHidfU'enient along tlie .r-axis ar(i measuiahlo 
in terms of magnitudes which are nearly projiortional to the {N—Z) values, for 
all the dittcrent disintegration series It puts all the available oven-even and odd- 
odd nuclei cxcexiting the low-neutron -content ones, into a simple linear relation- 
ship, to coTJ elate the half lives with the a-eiiergy and the nciiti on -proton contmit 
of the nudeus. In ail, we have taken into consideiation, now, thirty ac-disintegrat- 
ing nmdc], of which twenty-five are. of iJic even-even tj’^jie and five of the odd-odd 
type, v hose data are complete Their half lives are deti'r mined by the relation . 

log ^ ^ 2.U1\{N - Zf{E‘^-h^{m - .^)}xlO-'' 

T 

-|-r;,(5(l-Ar-i^)|-fi0.54 .. (7) 

wliere \ — 01 H or 009 for even-even and odd-odd nne.lei, f — 1 750, for {N— Z) 
A'alues from 54 to 4S, whicli reduces to 1 725 and 1.025 lor {N- Z) as 40 and 44. 
T IS measured m seconds and in Mev uiuts. AA^e have plotted in k’ig. (7) 
t]i(‘ observed values of log I/t against the function, 

fiK, N, Z) I t,(«0 -Z)\-\-V\ m-N-Z) L7tt) 



Fig. 7. Logic I/t against calculated values of f(Eo£, N-Z) given by relation (7a). 
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where obtain the Hiime values iis before ami 6',''s are 0.14, 0.138 and 0 130 
m place of the above set of values for C\. As a matter of fact, the indentity rela- 
tion hits beiMi pLit on tlie basis ol the graphical representation after the slope has 
been detei mim'd The (ialculatcd values of log 1/t for the 30 iiiieloi, have been 
(labulati'd m 3\ible II, along wdh the observed log 1/t values and other relevant 
data. 

3^110 relations indi(;ate clearly that, for a paitieiilar value of (N—Z)> the half, 
lives of these nuclei decrease with increasing values and with decreasing protonj 
number J^'or a pavtumhir value, with the same proton number, however, 
the half Ide or log 1/t remains nearly balaneed with increasing or decre.-ising 
excc.ss neution amount The addithm term involving [N- Z) almost balances 
the cffecl. of tlui multiplvmg faidor. Thus the more important factor in deter- 
mining ihe half lile is the a-cnergy amount and less predominantly, the proton 
mimlior in the nucleus The increase in magnitude of the excess neutron 
would tend to deiire.ise the half lives when the a-onergy is high with a rcvis’se 
effect wboii the a-eneigy is lou. The hall lives of these iiiiolei arc dependent 
on tlie structural oiuM'gy cluuigc bSf’ only through the -expression. 

Wc^ hope to analyse the liall-lilo data of the remaining even-odd and bdil-e\’'on 
a-disiiitegrating nuclei as also of the low neutron content oiie.s in a future work. 
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DISPERSION OF ULTRASONIC WAVE IN DIATOMIC 
GASES AT LOW PRESSURE 
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ViiYSiL'S DicrARTMENT, lTjvjivj3RaTTY OK’ Alueiita, JOdmonton, Canaha* 

{Uccfft’ctl Mfty 2 , 1902 ) 

ABSTRACT. TIk' qiiadriilic oqualnm K'SXillod fioiii Uii‘ iJiivi l. uoniliiiuil loii nl Navit'r- 
St.dkc'H ('qimtioD wjlli i dial loiuil irliixaimii wna Kolvrtl by nt'pk'i 1 IIk- Iitiuk (‘(Uilaiuuipf 
hit'IuT Mifui Mu* second power of vjk(o,si(.]^ .iiid tlici mul condiicLivjl v Tins JeailH io mi oppro- 
xiiii.ite ('xj)ri'Ssion loL I'ti/f Two sda of vtilui'-s bu’ I'd/T bavi' l)C(o ( nil iilni('d ioi flifl'ciojit 
]ii('ssui’(‘s l)V iukiijtT HUitic iuid i oi)iid 1 (^x ViduciS of Cp iii I'kicken’s foriimlu. foi (In* ml i(t o( 
tli.'iiihd co.uiuclivilv to vj.soc)ai1v. Tlicy (juitc well willi tlio oxpt uiiieolul result, ol 

IJoyer ajui fli( i-Jispan,, wdlun (Iki IuuiIh iiivolvod m llie origuial erpiatjuji aud Ihr niibsldult'd 
value of Cp iji EuoIu’u’h forjiudii frr<n*nRpiin's cabiulftliou l)u,H(‘d (tj\ tlie Ibinieti.’H theory 
uud the approx mi ail on ol liecUin* gas. has boon also shoAvn foi coiiipnrjsun 


I N T R 0 1> U (’ T I O N 

11 litiM boon (iliRcvvod liy Boycv (1051) tJuil ior tlml/omie g,i,s(’,s like (b iiiid N, 
the vol()( d'V oi smind Vctrios sigiiilicaully as the w .ive longtli of (Jh‘ , sound ap|)j i i.u lies 
Ihe mean liee-palli of llus nioloeulcs. llcwenlly (iToenKjian (1054-, 1050) l-iied to 
(o exjjlaiii the variation lioiii his oAvn expemuenial le-sult. by uombiiimg l-lio 
Hei'zfeld, Kice and KiieseT’s theory (1051) ot‘ thcTJihd jolaxiitjon Avjfh Ihe lielp 
ul" Biimcll-’s thcoty and the, appi oxiiiuition of BBchtn (1022) gas. TIkj disagms- 
ment fonnd out in the eonipanscm is n<d/ ti’jval and is attributed to the, nature 
of approxhnatioii involved in the Bui nett’s theoiy, a single lelaxation number lov 
tlic rotational relaxfition process and the w ay ol eonibining the tw’o prooe,sse,s. 

An attempt is iiiafle here to combine in the direct jiossible way the Naviei- 
Stukes eauation and the rotational character of the molecule through the complex 
nature of the speeifie lieat value. I’his leads to a (piadratic equation which lias 
been solved Avith a vioav to retain only iipto the significant torins contammg tlie 
second power of viscosity and heat conductivity. It has been shoAvn that the ap- 
proxmiatioii explains quite satisfactorily the experimental results obtained by 


Boyer and Greenspan so long as < | 


PraHont address — Physios DopartmHjit, Iliivojih huw Uollogu, Cuttaok'S, India. 
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whol e q — (^oefficieiii of viscosity 

/Jq — density of the gas not disturbed by seund waves. 
Vq — sound velocity with very low ffeauoncy, 
tij = 27r/ / ™ frequency of the sound wave. 


T JI E O it Y 


After olnuinating the flow velocity and condensation (Herzfcld and LitovitzJ 
1959) from the combination of the equation of motion and equation of continuity^ 
the combined form of the equation becomes 




1 + 





k — projiagation c.onsl.ant. 

From the iherinodynaniical consideration specific heat values are suitably modi- 
fied in the energy relation after taking into account thermal conductivity and 
relaxation. Substituting these modified sjieoific heat values in the equation of 
state one can get 


/ Ji« ^«4 C,(1 H u.tT)- ‘ -iW 

\ d(>l Bj, "■ 

hero Bff — Isothermal bulk modulus 

Cg — ^molar speiufic heat due to translational degrees of froedom. 

Cj — molar specific heat value due to internal degrees of froedom, 
li — gas constant 
T — ^rotational relaxation time, 
y — thermal eonductivity. 

W — --- M — ^molecular weight of the gas. 

It has been assumed that at hnv jiressure O 2 and bohavc abnost like a perfect 
gas. Substituting eqii. (2) m oqn. (1) one can get 






t]\' 


pQ iWRbi^ 


PoyiWR^_WR 

,» ‘3 p„\Rj,I\g/ V/ 


^ 2J j, L y p„ Rj, y,» 9 \pol y,“ I 
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where Cj, = Cg-\-R |-_ — '1 

J 


]iw 

To gel llio above loiiii it is assTinicd llial Ihe i-eal oarts of uo iiiul 

iWh- , , 

are (mcIi Jess tlLaii one. 

Solving ihe ec pi (11) for the physuially possible kkiI foi IJie pi ojiag.ition of 
sound Av.wes and ii' 'glocting iornis eoniaining highei ihaiii ilic second power of 
viscosity and heal eondiietivity, one gets 


lh\B^yl C}/\ 


/ Po 


A. Y ^ ,Mi.y ( Y 

.1 \/?2t7/ Po 9 \pol \Bj,y/ 


Bj,r/ C'/V \n^yl 
hVolu Euekeii (1952) approach one can wite 


MX-=- ^ {9y-5)7iGy ^ {a~ifi)i} 


ot = (9.5+7.5co2t2)/(1 + (oV) 


(l + (oVZ) 


For convenience let ns Avrite for the real part of 


, and for the imaginary 


.(ky _ I 

\^l -v„‘ 




b = <y±l , c = l+(6<.r)«, A = l- 

Cq-YK e 


6 
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]t is seen ( “™ ) “ << ^ 1 >“ ’’“'"K® 

of Greeuspan an.l Boyer. Thus iicgleelmg the higher than the first power of 

“™ , real and imaginary parts cim he sopar.ateil from (4) as follows. 

c 

8)/ 01 oiTO I 


/e I y„“ / d I'll ^ ' 


y a w omi /L _ (5__3J^4) 




\ IV/ d 


Vo^^d 
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If one neglects the ft'equcncy dependent terms in Eiickon fornmla a Mxlv 
and /? — 0 i.e. by taking the static value of 0„ and y in I equations 

(5) and (6) arc simplified as follows. 




<0TO 1H( y \ y ( « \ (1 _ 

•ip„ e 9\pJ I IV/ P„ <1 ' 


+ 


-f. v;. T ( i -'* ) ( IV )’i I'-"*’ ( “"i ) 

... (7) 


7= ~ 

WTor, , 4 7 } fo ^2 , 16/ 

'1 Y 

( “ ) 


• e 3 po Fo® 3”' 

1 Pi,' 

\ V- ) 




... ( 8 ) 


writing k ■— h^-\~ih, where and fcjj — amplitude absorjition coeflieient, 

" (1) V 

V — phase velocity. One can rtiadily show 


Th«n (I'„;K)> = -^^V*'^’' • 

„d ... m 

> r 0 / « 

V 111 R I F I 0 A T I O N OF EXPERIMENTAL K K R E 1. T 

Just to verify the result of Boyer, A and I arc cMilonlated from the preceding two 
sots of equations for and Og taking different pressure values. The constant 
values used are given below. 

Density of Ng at N.T.P. = 1. 26 x 10~®gm /cm® 

Density of 0^ at N.T.P. = 1.429x10-® 
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Oocffioienl- of viscosity f(Ji‘ Ng iit 10.9“0 = J70.7 rnicropoiac converter! to 

l)y Keesoiu’s formula (1942) as 166.3 niicropoiso. Viscosity of Og at 0°C — 189.0 

mioropoise. 

Tlio collision number for Ng is taken to be 5.2S jia arlopted by Greenspan 
whereas oilier woikors (1959) have taken it to be 6. This difference does not 
introduce any apjuecjalilc deviation in tlie (ioniparison. But for Og this number 
IS taken to be 20 tis found out by many workers (1959) and rouglily estimated 
from Boyer’s result. 


TABLE 1 

Comparison with Boyer’s result 970.68 kc/sec.. Temperature 0°C. 
(a) Eor nitrogen 


P Pr. m. oiuH ( I/o/|/)oxpt. (Ko/l^)pal {V„IV)ciil 

rjto oi Hg C„ ^ Co X = f(f^) 


22 G 

1 

72 

0. 

1)04 

0 

91)9 

0 

99G 

S 12 

0 

G4 

0 

!)74 

0 

980 

0 

977 

G.or. 

0 

40 

0 

!)GG 

0, 

.0G7 

0 

950 

;i.iG 

0 

24 

0 

.955 

0 

950 

0 

928 

1 Si 

0 

.14 

0 

87 

0 

878 

0 

SIO 


(b) For oxygen 


V , 

Pr 111 cma 

(F„/r) oxpi. 

(•VI') 

Co — C'o 

(Vo!V) (Ml 

7)0) 

or H-g. 

X - /(w) 

:ii :i 

2 70 

0 990 

0.987 

0 987 

22 6 

1 95 

0 987 

0 977 

0.972 

JS.O 

1 55 

0 985 

0 . 967 

0 962 

13. ,3 

1 15 

0 978 

0 950 

0 946 

11 0 

1 .00 

0.970 

0 940 

0.925 

6.38 

0.55 

0.880 

0.8.50 

0.870 

2 90 

0.26 

0.835 

0 815 

0 826 
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TABLE TT 

(bm])iirison AvitJi (TVCM^nKpaii’a result, for nitrogen /—I I M(;/soc 
Tonn)eraturc 0“C 


7)01 

Pr iji (‘Ills 
,i( \[ii. 

(VolV) I'xpi. 

^ t 'q 

{VolV)vn\ 

X 

(_b'i'Mn,spau 

(1 „/r) chI 

0 :iJ4 

0 

0 542 

0 G70 

0 585 

0 297 

0 573 

0 40G 

0 G41 

0.708 

0 GIO 

0 510 

0.920 

0 707 

0 700 

0 7G5 

0.G78 

0 650 

1 720 

1 480 

0.800 

0 785 

0 757 

0 780 

2 230 

1 .930 

0 865 

0 840 

0 820 

0 820 

3 00 

2 600 

0 900 

0 935 

0 850 

0 870 

5 00 

4 330 

0 9^9 

0 950 

0 940 

0 950 


In 


Greenspan’s paper fi‘etjueii(5y heiiig llMo/.soc. 


7/ w 

’ Po 1",,^ 


IS nearly unity for 


Ng at the pressure of 0 835 ems. of llg. i.e. when r — ^ es; 1. In Table II. 

Vu 

M. eoniparjson is made hetu'oon Greenspan’s result and the raUiidatod vaJuos when 
r < 1. Greenspan's exjiei iiuontal values juid his caloula1(?d vidiais were estimated 
Iroin his gijijili. The agreement is better towards the greater r values a,H expected 
from the theory Ibit the agreement 'with cxpeiinient lor r loss tluin unity is 
rather surprising since the approximation used in this papia^ are. invalid for these 
r What should be the exaid value of y/?/ c.iii only bo obtaincrl from the detailed 
kinetic theory treatment. That’s why foi eompaiison two stds of calculated 
values are iiicorjiorated by substituting the stal.ic values of in Euckiui’s foi inula. 
As against such uncertainties in the values of y/?/ and lotalional collision number 
it is not desirable to reject the Na.vier-St(»kes ecpialion when the agreement with 
the theoretical result based on the Burnett's theory is not fully satisfactory for 
diatomic gases. 
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ON THE RAMAN SPECTRUM OF ALLYL CYANIDE 
IN THE SOLID STATE* 
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Hate V 

ABSTRACT Tlio i-eHult-H of iiivostigaliion on Iho Ramnii spoiiti’tt of iillyl ryaiiido in the 
liquid , state and in the solid Hiato nt — 180‘’(^ have boon diKOussod. Chnngos in sumo of Hie 
intiamoloculai' oscillationn uro Inuiid to tako place with the Holidilieution of Iho liquid. It 
luiH boon (.'oncludod from the results that the inolecule.s of the eompound aro asHucuatod II trough 
H-iitoma and the N group when the liquid la solidified and eooled to — ISO"!!, 

1 N 1 K 0 D XJ C 1’ I 0 N 

Tho Raman spectra of a few organic nitriles in the solid state at — iSO^O 
were studied earlier (Bishui, 1948 , Deb, 1961). It was concluded from the results 
that the lines due to C"..N vibrations in each case undergo changes and a few 
low-frequency Raman lines appear in th(5 spectra with the solidification of tho 
liquid at low temporatuies. In the jiresont work similar investigation has been 
extended to the case of allyl cyanide. 

R X P K R I M E N T A L 

Allyl cyanide supplied by Eastman Kodak Co., U.S.A.. Avas of chemically 
pui’e quality and it was further purified by distillation under reduced pressure. 
The aiTangcmeiits for recording the Raman spectra in the solid state at — 180“O 
and for stud^fing the state of polarisation of the Raman lincH in the liquid state 
were the same as those used earlier (Deb, 1960 ; Mukherjeo, 1960). The Bjicctra 
were recorded on llfoi d Zenith plates with tho help of a Fuess glass specitrograph 
having a dispersion of about 11 A/mm in the region of 4047 A. 

RESULTS AND DISCUSSION 

The Raman spectra of the compound in tho liquid state and in the solid 
state at - 180°C are show’n in Figs. 1(a) and 1 (b), Plate V. The observed Raman 
shifts of the molecule in the liquid and solid states are tabulated in Table I. The 
Raman frequencies of the liquid reported by previous workers are also included 

^Coimnumoafted by Prof. S. C. Sirkar. 
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in Iho Table. The states of polarisation of the Raman lines of the liquid are 
indicated by the Icttcis 'i*’ and ‘D’ which mean partially XJolarised and totally 
depolarised rcsx)cctivoly. 

It can b(i seen from Ifigs. 1(a), i(b) and 1(c) and also from Table I that 
when allyl cyanide rs solidilicd and cooled to - -18()“C, the line IGS cm~^ rexiresent- 
ing pi-obalily the bimding oi (J =N bond appears to be replaced by three new Ra- 
man lines of sliifts 85, 101 and 187 cm^^ res^Kictively. The cJiange may be due 
t(> the loi'ination o( weak molt'ciilar association of ditt'crcnt strengths in the crystal 
lattic.i' at le^v temxieratnni Rurther, ni the solid state at -180°(J the line 141^1 
cm“^ due to C-li bemling oscillation shifts to 11104 cra“^ and the line 2257 cm~^ 
due to stret(;hnig oHcillation shifts to 2252 (•.m"k Also the line 20 LO cm“^ 


TABLE I 

Raman siioctra of aUyl cyanide Av in cm~’- 


Itiijnau shifts 


Solid ut — 1 80° 

Kulilraasuh uud 
8toukiuuu‘ (IDUf)) 


Pi-esGiit fiuthoj’i 

85 (6) 

101 (0) 

J74 (0) 

168 (6b) D 

187 (3Vb) 

2(10 (4) 

212(1)14 

209 (1) 

35U (5) 

361 (2) D 


404 (5) 

407 (2b) P 

457 (2) V 


655 (2) 

626 (1) 

558 (Ob) 


804 (6) 

000 (1) 

866 (6) 1* 

874 (6) 

938 (3) 

1108 (0) 

940 (0) 


1221 (4) 

1220 (2)P 

1220 (2) 

1209 (7) 

1301 (6) P 

1298 (5) 

i:l21 (4) 

1323 (2) D 

1323 (5) 

1410 (7) 

1413 (6b) P 

1394 (6) 

1043 (9) 

1045 (10) P 

1643 (8) 

2245 (-) 

2668 (2) 
2814(1) 

2257 (12b) P 

2252 (8) 

2919 (12) 

2919 (12b) P 

2920 (8) 
2938 (3) 

2989 (8) 

2990 (4) P 

2987 (2) 

3030 (8) 

3030 (6) P 

3027 (6) 

3092 (3) 

3094 (3) P 

3094 (3) 


representing the C-H stretching oscillation appears to be split up into two lines 
2920 and 2938 cm“^ respectively and the intensity of the line 1322 om“^ due to 
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0-H dcforrmition oscilKitioii iiinrcasos wliilo iliat of tlie lino 1.301 lemaiiis 

luiaffcuted wh(‘n iho ooinpouiul is solid diod and oof)l('d lo — 1S0°(V x\ll tlu* resnlts 
iiidioato iliiit llio molocLiU's aiv assoriidod t.liiouifli K-atoins iind llio ( ■ N ^loiip 
wKon llio IkjokI is solid lOod and c‘oo1<mI to IS0‘’(' 'rin*so j osults a^>;m‘ with tlioso 
(>l)S('i vi‘d in tlic i;as(‘s of oilier intnies (llisluii, 1018 , Del), 1901). 

V (Mv N () W L K 1) (; M ir, N T 

Tile authors .i.n* lii;ijhly indidited (jo IVofessoi S. Sirkaj, D.Se , F N.I.. 
lor his kind interest ihionjiihout the pro^pess of the work. 
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Kohimusdi, K W I'" und Slo*kmnir, W , 19:5.5, Z. Physik, Chem. nmid 29B , 297. 
Miikhorjoo, D. K., 1900, Jml J 77o/.'. , 44. 102. 
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DEPENDENCE OF IHE INTENSITY OF THE FIRST 
ORDER DIFFRACTION ON THE LENGTH 
OF THE SOUND FIELD 

(1 I'vAtiHirPATHl RAO 

])l'U’AK'l'I\lLNT OK I’jiYHirs, NlZAAl ( JobliKC.'K, OhMAMIA U m VJfiUSi'L’Y, }1 Y DTIUAM AI >-7 

{fii'vvAi'nl J^ovcnibnr 13, 1JK)J ; Rt'MibiniU<‘tl November ‘A, l')()2) 

ABSTRACT. 'I’lio dopomlorK o i>l ilio lul/OiiMiLy of iho llisl, onloc dilliaol/ion oa tfio 
loiijfUi t)( Llio Houiid liold al noi'inul iiu idoiifo o( tlio ligid botuu in sLiulicd and tlio pnaitions of 
jiil-ciiiMty ninxiiuii, and jumiuia at*o Io(‘ul-O(l with tho liolp ol a jjlmto-tufm TJui jiOBilions o( 
muYima arci ohsnrv'od An tlu* first timo and laiHy wall witli tho \m1uos oalcidalnd fiom 

J lain. Ill and t-licni'y. 

M'iio mitiirii (j( uu.rouKU of /^-i with tlir Joiigth ul tlio soimd fiold at ohlifpjo itiiadoui'e 
is loiuid tu bo Ul good agrooiaoiit with David’s oxprossioii obtiunod from Bnllouui’s fchooiy 

INTKODIJCTION 

J3iir (lOiJIi) wiiH ilic Ih'Ht to show the cliariges produced in the diffraution of 
liglit by a change ol tlio lengMi of the sound fiold. He produced photogi’aplia 
whicli clearly show ihat a variation of the leiigtJi of the sound Hold 
produces a vvaiidering of intensity similar to that observed by 
a change in tlio acoustiiial power of tlic crystal. Korff (1930) studied this 
phenomenon in air at a frequency of 4.28 Mc/s. Newinanu (1939), 
using wliite light, studied the* dependence of tlio total intensity ol diffracted 
light on the leiiglli of the sound wave at fO Mc/s, using the photo-cell for intonKity 
mcasurcnients. Ifao (1948) .studied tins iiheiioiuenon using tlie diffraction of 
light at 35 Mc/s and all the intonsiLios were visually estimated by him. Except for 
these (pialitativc observations, no systematic quantitative intensity inoasurcments 
were available in the litcratui’c on Jiigli frequency diffraction orders. 

In this investigation, the intensity of the first order diffraction with the length 
of the sound field is quantitatively measured using an K.C.A. 931-A photo-inulti- 
plicr tube and some of tjie intcre.sting results obtained are presented here. 


4’ H E 0 K Y 

All the existing tlioories of diffraetion ijlienomcnon clearly show that the 
IcngtJi of tlic sound Held forms an important parameter in all the intensity expres- 
sions obtained for diffraetion orders. Nath (1938), using the generalised theory 
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of llaman and Nath with suitablo Jiiodificationa, obtained for ilio intensity 
of tho first order diffraction, the following expression 




4 

//'=+8 



4 


') 


... (1) 


IvtlOJ'O 


p ^ 




and ^ ^ 


27t/^iL 

A 


TJius tlie length of the sonncl field L enters in tlie iiaraiuetor 'I’ slioMnng that (ho 
elfee.t of vari.ition of the length of the sound field is analogous to tlie variation of 
//, tho niaxiiTinni change in the refractive ind(*x of the hcjuid niediinn, which is 
proportional to tho power in])ut to the crystal. The above expression (;learly 
shows (hat the intensity of the first order goes through successive niaxinia and 
inininia. periodically, the ciondition for the niaxinmiu intensity being 




^ n • 7r/2 whore n is any odd integer; 


which gives for the length of the sound held the exjiression 




V( 


T 


1 

1 \ A A I 


... ( 2 ) 


The condition for niiiiimniii of zero intensity is given by J ^ mj whore 

4 

'y/. is any integer, which givrw lor the Joiigth of the sound field tho expression 

j _ 2'yfc 


(3) 


The expressions (2) and (2) arc very im])ortiint in that they give sjiecific values 
to L for the intensity of the diffraction order to attain ils maximnin aaid 
minimum respectively. At high frocpiencies beyond 23 Mc/s, the second term in 
expressions 2 and 3 within tho root becomes negligible when compariid to the first. 
Its contribution is about 1.4% of the first at 23^1c,/s for water, and liecomes 
still loss at higher frequencies and for liquids of low ultrasonic velocity. As 
such, neglecting the second term, tho expressions 2 and 3 can bt5 simplified and 
written as 


L 


A 


, where n is anjr odd integer 


( 4 ) 


and L = 2n , — , where n is any integer 


... (5) 
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re,spectiv(^ly. Those expressions (4) and (5) predict the intensity maximum and 
minimum ol tlio diffraction order lor definite lengths of the sound field. The 
same result has heen obtained hy Jlytov (1930) and David (1937). 

The intonsity of the first order diffraction attains its maximum at regular 
intervals as given liy exjiresHion (4) and passes through minima or becomes zero 
at regular intervals as given by expression (5), when tlie length of the crystal is 
gradually increased. These positions of maxima and minima of the dilli action 
order could easily be detected with the help of the xilioto-tube. The jiositions of 
maxima have not been so far observed by any of the investigators. 



Fig. ]. — IntensUy variation of i+i at uonnal inndonco with tho length of tlie sound field. 

E X E R 1 M E N A L RESULTS AND DISCUSSION 

Tntenso first order diffraction lines are produced at 23.0 and fiO.O Mc/s and 
using the jihoto-tube, observations are made on tho intensity of the first order 
diffraction at normal incidence of tho light beam, varying the lengtli ol the sound 
field. A suitable choice of tho lujiiid medium and ilie sound frequency facilitates 
observation of several intensity maxima and minima in a given length of the sound 
field as the parameter 'L’ dcjionds uiion tho square of A* —the sound wave length 
in tho medium. A one imih square X-cut quartz plate Math a fundamental of 
1.2 Mc/s is used to generate ultrasonics. 

Tho positions of maxima and minima aro located by tho photo-tube using 
water as tho seat of ultrasonics. These positions are regularly spficed and are 
closer at 50 Mc/s than at 23 Mc/s shown in Fig. 1(0 and a). Fig. 1(b) shows 
the curve obtained by the photo-tube at 23 Mc/s in carbon- tetrachloride. The 
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positions ol iniiximtL and uiininia arc closer in carl)on-tctra<‘Iilorido than the 
corresiionding positions in water. 

The experiinon tally located positions of maxima and niiniina agi’oo fairly 
well with the theoretical values of ‘U cahailated from expressitnis (4) and (5) 
and show clearly their dependence on the s(inare ol A'^, the sound wave length 
in the medinin. 
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Kip 2 — Tiiicnsity vuruitiou of fn-iat oblique innirlcnic(‘ with the lonf^Lli of tho sound hold. 

The behaviour of and I ^ with the length of tho sound field in the oblique 
incidence jiositicn is shown in Ji’ig. 2 for toluene at 50 Mc/s Tho in tensity of 
both the diffraction orders increases parabolically with L, though tho increase of 
^+1 is far more rapid than that ol / This experimental result is in good agree- 
ment with th(‘ David’s expression for -- {TTfiLy^jX^ showing that tho maximum 
intensity of tho first order diffraction depends njion Iho sijuare of the length of 
the sound field 

In conclusion, my th.niks are duo to Prof >S. Bhu.gavantam for his kind 
interest in this work. 
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BOOK REVIEW 


PROBABILITY AND liXPBRIMUNTAL ERRORS IN SCIRNCE-By Lyman 

G, rarratt. I’p. 255H i-xv Jolin Wiley and iSons lue., New York. 1961. 

Price .$7.25. 

TJie aullior has indicated in the Preface that the liook Avas specially in- 
tended lor explaining the theory of prohahility to the undergraduate students 
but “the hook is jiatteriied to lie a base from whic'h the teaiOicr may go on to rlis- 
euss further aspects especially these aspects, that deepen and broaden the under- 
standing of science”. 

After discussing the meaning of probability, the iiuLlior discusses (llassical 
(ipri,on probability and Experimental a posteriori jirobabibty in the first chapter. 
Different kirnndae used for determining probability distributions have also been 
disciissi'd in this cha]iter. The second chapter dea-ls Avith MeasiiiiunentH in science 
The methods ol finding errors, significant figures, fiecjuency distributions, precision 
indices, etc have lu'-cn discussed in this chaiiter. Tin' next chapter deids with 
Statistics of measurements in functional relationships and includes discussions 
on maximum likelihood, projiagation of errors, consistency tests, curve fitting, 
etc. Chapti'i' 4 is devoted to Normal probability of errors and the fifth chapt(‘r 
deals with Poisson jirobability distribution. Numerous pioblems have been 
included at tlu' end of each chajiter. 

The presentations of tlu* topics are lucid and the illustrations iiK.ludcd in 
the dis(;ussions are helpful. The book is useful not only to students who want to 
to be introdiiecd to the theory of probability but also to all rcsearc-h workci's who 
are engaged in experimental investigations in physics. 

s. c. s. 
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FLOW OF A CONDUCTING FULID PAST A ROTATING 
CONDUCTING CYLINDER 

B. B. OHAKl’vABORTV 

Dnp\KTMENT or Aprr,iT',i) MATirEiTATics, Indlin Institlttic op St’jENcii;, HAhroAouRiL’- 12 
(Jiireivpd April 11, 1902) 

ABSTRACT Tli<* iii’oljK'ni ol Lho drag and ion^uc on a fj^Iiudc-r umuc'rHPcJ 

III au inviHL'id luj^uid and sl-oiulily loliaiing ahoiiL its axis (zaiMs) is disciissaiJ whnii hotli tlio 
liquid mid Uio aylmdoi ura ('ondurting and llie miigiiolu Imld and Ilia hliroaining niDiiion aL 
jTifiiutv am iindorjM and p.ii.illol i.n Uio j-a\is Tla* niagnnla* KoynoldH nmnljar J\ i,s ansmiiod 
small and Uio lir.sl, oidcM ollaat, o( tlia coiidiicLiviI/y {K ^/) is sliiuluid lilvplicit oKprPK.sions lor 
ilio L'oafl’Kiionls of diug and iorqna and the vorl.ir ity am oliLmin'd li is ioiitid tliut, llio Maxwoll 
Hti’Pfisi\s do nul coiit.i ilnifo Lo ilio diag cooltifienls Imt make nori-zoio I'unLribuiion to tlio 
torque. Tho variation ol tlie voi'ta ity on cirrlos ('oucontric to tlio uirculai soetion ol tlio 
oylinder has boon shown griqiliually whoii tho radii ol tho oirdes am 1 05, I 20, 140, 1.00 
times the radius of tho eyhiidor 


I N T ItO JM70T 1 O N 

The prolilom of estiiiuitiog the cJfeei of a uTiifoi’Jii external iiiagnotie field 
on a flow past a sjhcrc or a hotly of i evolution wliieh at infinity, along with tho 
magnothi field, is parallel to the axis of symmetry, has been diKousstjtl by Chester 
(1957, 1901) under various assumptions. Ludford and Murray (1900) have disous- 
sed the flow ol an mvisoid and fiiiitoly conducting liquid past a magnetized sphere 
for small values of the dimensionless parameter /f roprcsonting the ratio of some 
standard luagiietie pressure to the free stream dynajuit; pressure. Keceiitly, 
Muiray and Ohi (1900) have considered the corresponding iireblein lor the case of 
a magnetized cylinder placed in a unilormly streaming fluid whose direction at 
infinity is normal to the axis of the cylinder 

In the present note we liave studied tlie flow characteristic of a conducting 
fluid past a conducting rotating cylinder under the assumption that tho flow 
and magnetic field at infinity are uniform and normal to tho axis ol the cylinder. 
Ill particular, wc have found expressions for the drag and toraue coefficients 
of tho cylinder ami tho distribution of vorticity in the case when the magnetic 
Reynolds number is small. We find that (i) tho Maxwell stresses do not contri- 
bute to tho drag tliough the per turbed pressure makes a non -zero contribution, 
(ii) the Maxwell stresses produce a toraue proportional to the angular velocity 
(2 and tend to oppose the motion, (hi) the vortii;ity vanishes on the axis of 
symmetry di'awn upstream and (iv) tho conductivity ol the rotating cylinder 
affects the flow characteristics. 
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Tho analysis is carried out allowing for the difference in the conductivities of 
the liquid and the cylinder, though the magnetuj Reynolds number for the liquid 
and the cylinder have been assumed to be of tho same order of magnitudes. 

BASK) EQUATIONS 

We consider the steady two dimensional flow of an incompressible iiivisoid 
and eleotrically conducting liquid. The basic equations in the usual notation ajre* 


(cut\ g)xq = - grad (pIpI H)xH, ... ^1 

\ 

div q 0, ... 

J — ciirlH = //qxll], ... (3) 

curl Hj = 0, div £} = 0 (4, 5) 

div H — 0. (fi) 


We shall take the axis ol the cylinder as g-axis and tho undisturbed direction of 
flow and the external magnetic field as the a:-axis. Wo can neglect (5) from our 
discussion as it is identically satisfied in view ol (3) and the fact that qxH is along 
the «-axis. From (4) and (5) wo find that E vanishes identically. 

Using the radius a of the cylinder, the umform velocity U at infinity and the 
magnitude h of the magnetic field at infinity as the standard quantities, the equa- 
tions (l)-(6) reduce to the following dimensionless forms (retaining the same symbols 
for the dimensionless puantitios as for the nondimonsionless ones.) 

(curl g')x^— — grad H)xH, ... (7) 

div O' = 0 ... (8) 

cutI H = Jtjj^qxH, div H = 0, (9. 19) 

where 

P = p+ig\ It„ = flcraU. 

We shall assume that the magnetic permeabilities of tho cylinder and the liquid 
are the same and equal to //. When the liquid is non-conducting i.e. Rj^ = 0, 
the flow outside the cylinder is the familiar potential flow defined by 

in the cylindorical coordinates (r, 0, z). 


♦Throughout the paper m k.s syatem has been used. 
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Wlien R yj is non-zoro })ut small we expend p, q and H in powers of Rj^j : 

q -= fh+RMfli~\'J^\j^i+- ■ • 

11 ^ , ... (12) 

where Hq is obviously the magnetie held at mtinity. 


SOL ITT ION OF THE K I R S T ORDER PEKTUUBATLON 
E Q U A 'r I O N 

The lirst order perturbations p^. IIj are determined by the following equa- 
tions . 


(eurl^ 7 ,)xry„ ^-grad Pi-|-/? (eurl lli)Xllj, ... (13) 

div qj — 0, ... (14) 

curl -= ; tliv Pi =- 0. ... (15, 16) 

The equations (15) and (16) also hold lor inside the cylinder if wc take 
<7o = ^^)- 

In vieAV of (IG) we take 

and then (15) reduces to 

... (18) 


Since we have taken h as the standard magnetic field, | P„ | = 1 in dimensionless 
form. The solution of (18) which vanishes at infinity is given by 

/I = S r-"* ((7p, cos md-l-i>nt sin m\20 ^ 

»n=i 4 

Defining the magnetic vector potential inside the cylinder by (0, 0 iJ), we have 
/ = S cos sin ... (20) 

Wi=.l “ 


where 
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<t' being the confluoij vjiy of the cylinder. Continuity of the normal and tangential 
Cf)mponent.s of the magnetic fields on the suriace (r — 1) of the cylinder gives 


and 


Thus 


B^r^I),=A., = 0. = 0, f 


A ^ ^0 /K 12 //() 

S , 


B. - 


„ Ho 


D — 

ft 


d_ //„ Kin /, \ 

^ -ftr~+ 4 v~^i' 


( 21 ) 


(22) 


(2iJ) 


.nd 


A =- 




H) 


^ , II qT^ sin2(9 

cos ^-1- — P— ^ 


The equations (23) and (24) detorniino the magnetic field comx)letely. 

(!H A U A OT IC IITZ ATION OF THE FLOW 
Taking the curl of (13) and using (14) we have 

? sin 3^ 


('-!.) 


1 

cos 0 — 

or r 


where 


curl 


(24) 


... (25) 

... (26) 

IS the vorticity vector. 

For the potential flow (22 =0), the velocity potential (p^ and the stream 
function ijr^ are given by 




sin 6. 


In view of (27), (25) reduces to 


7o' 


^ sin W 


(27) 


(28) 


so that 


^q{H) . 

j=- 2 /w j. 


(29) 
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!is the vorticity vanisheR upstrcai)i as r— >oo and the integration is carried out 
along a stream Imc ^ constant and is the velocity potential at the point 

P. 


Along a stream line — constant, we have from (27) 

( 1 ) «in 0 dr+ ( r - J j cos 0 dO - 0. 


Als^ 


#0 ” ( ( ^"1 ^ ^ 


dO 


rq^^dO 

l-f i)ain61 

along a streamline on using the last equation, hence from (21)) \v(^ have 
0O(P1 


m 


I ^ f 


0-^ - 00 


Sin 3a 
(1 +/-*) sin a 


da, 


From (27) we obtain 


-•h =L a/^A o“+ 4 sin^(9 

2 sin 0 


... (31) 


■ ■ (32) 


If 0 < 6/ < TT, i/z-Q is positive and we take the positive sign in (32), When —n <0 
<0, the negative sign has to bo taken in (32). llcnco 


I 


0 — 7T 


sin a sin 3a da 
[4 am^a+{Vro+\/’Ao“+4- sin 2a}‘-i] 


(33) 


lor a point on a streamline for which ?/ > 0 and similarly for a point on a stream- 
line for which y < 0 


6 

^ = f 

0 — TT 


sill a sill 3a da 

[4 silica sin“a}^j' 


(34) 


The boundedness of vorticity can easily be established from (33) and (34). 
(33) we have 


III < 


W ■ 


From 


(35) 


and from (34) 


iii< 




... (36) 
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Putting ^0 = 0 in (33) and (34) and performing the integration we have 
1 ^ I < ^H^Ii{TT—0), when y>0, '] 

and 

I ^ I < when y < 0. 

When is large, 


(36) 


^0=* L '4~ ~8~ J 

Equations (33) and (34) show that at two points (r, 0) and (r, —0), vortioity has 
same magnitude but opposite sign. 

In terms of the elliptie integr alM of the first and secjond kind, from (33) wc have 




[(fl-^r+sin 2i9)-i//„ pjf» E(nl% k)- 


sin \/r cos ^ \ 
■y/I — P siii^ i/r) 




2/<;*E(7 r/2, fc) 


+|- [k’F(,f, h)^ 

¥q 


for 


0 < < 7r/2 and 

f = [( 0 - 7 r+sin 2d)-^,\^E{y, k) 


yjrjc^ mvjr cmjr 
k’ y'l-Fsin^^ 


(37) 


k ) } ■ 


(38) 


when 


7r/2 < 0 < TT, and where 


2 y/l^n^ 4 

n — , sin ^ ^ sin 0, k^ -~ 

sin^ ^ V^o^“h4 


and 

k' == (39) 

We plot in Fig. 1 the variation of | with 0 for various values of r. We find that 
on a oircle concentric with the cross-section of the cylinder the vorticity shows 
a considerable variation. 

Since { is an odd function of 6 we assume 


f = S !„(»•) sin »5. 

«i.l 


... ( 40 ) 
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SubBtitutiiig lor ^ I'rom (40) in (25) wc got 


when n ^ 2, and when w ~ 2, we have 

as we can show that — 0. 

On integrating (41) we have 

«('- 1 r ('+ M*-!" 

Integrating (42) we get explicitly in terme of r : 

, ^_£//^(2»;»-f3r*-6rHV-12 (%r)r*), 

t, ( 7 ^- 1 )* 


(41) 


.. ( 42 ) 


( 43 ) 


( 44 ) 
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Wo can evaluate ... similarly. 

eaunol be fixed up from this eonsideratiou, the roeurreuee relation (43) 
is of no use to evaluate ^3, ^5, ... ^ow+u However, the odd Fourier coellieients 
of I in (40) can lie eoniimtecl numerically from the expression for given by 
o([uations (37) and (38). 3'ablc 1 gives the values of ^i/87/q“/ 7 for r ^ 1 05, 1.20, 
1.40 and 1 60. 


TAliLE 1 


KW„-(i 


-0 242 


The perturbed velocity is determined by the stream function if/ 


<li 


- 

\r € 


dijr 

dO 


Df 

dr 


where ^ is determined by 


d“/// , 1 I J 

(9^2 y ^.2 OffZ 


(45) 


(46) 


Assuming <// — ^ 'A»,(»’) «ii^ 0 

n=i 

we have 


dhjf,, ^ 1 

df^ r dr r- 


(47) 


In evaluating the drag coefficient wo shall require only ^2(r'). We note that ^2 = 6 
and^^"^, have to be legular at infinity. The only admissible solution of (47) 

when — 2 is = 0. 

When n = 4, 

+(log r)(r-“— 2 ■■■ (48) 

Since the nonnal component of velocity on the cylinder should vanish, we get 
}/r^ = 0 at r = 1. This condition determines A. Similarly i/tq, ... are deter- 
mined. 
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DRAG AND TORQUE ON T H 1C CYLINDER 

The force on the c^diiicler is composed of two parts, one due to the fluid pres- 
sure and the other due to the Maxwell stresses The ^^-eomponeiit of (13) gives, 
on integrating w.r.t,6^, 




cos W 
0 ~ 


cos 0 
2 




(49) 


at r — 1 where a„ is a constant. 


But 


Pi -- i>j+9o. Qi 


(50) 


and r/,) on the cylinder is (0, -2 sin 0, 0). 
We have 


for the (9-componcnt of q^. The drag coefficient, J),,, due to the pressure is given 

by 

I) =r ~ f con 0 (10 

_ ^52) 

The drag and torque on the (syhridcr due to tlic Maxwell stresseB — 

^ /iIP which provides a forise on the c^dmder with components. 

HrHg, <>} 

The drag on the cylinder ih given in terms of the non-dimensional parameter 

2 it 

D .= /iR J cos e--{Hr^H^,+HriP()o) sin 0}d0 =0. ... (53) 

In (53) HfQ, Hqq are the r- and 19-components of and Rj^ IRi and RJ^f are 
the corresponding components of the perturbed magnetic field. 

The Maxwell torque is given in terms of the dimensionless parameter 
where 

Pm ~ M'Pm J {F ra 

0 

4 


... ( 64 ) 
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The negative sign shows that the torque tends to oppose the motion of the cylinder. 
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E2-M1 MIXING IN THE 100 KEV TRANSITION IN 

R. BHATTACHARYYA and S. SHASTRY 

Saha Institute of Nuoleau Piiyhiob, Caloutta 
{Received November 3(1, 1902) 

ABSTRACT, y-y directional angular correlation been measured for the 34-100 
keV cascade of Pri i'i The results show a pure 100 koV transition m a 0(2)2(1)1 casoado de- 
cay from the 134 keV level. 


XNTROD UCTION 

The level scheme of Pr'** has been studied by many authors (Nuclear 
Data Sheets). It can be seen from the work of Geiger et al. (1960) that all the 
y-transitions are pure in character, except, perhaps, the 100 keV one. Geiger 
et al. pointed out that one can fit the internal conversion data with the theoretical 
values if an Ml admixture of 25% in the 100 keV E2 transition is assumed. Such 
an assumption demands a non -zero spin-value for the ground state of Pr^*^. How- 
ever, the zero spin assignment to the ground state has been established convin- 
cingly (Geiger et al. 1962) In the present work wo have made a measurement 
on this possible 'multipole mixing, and hence, the spin of the states involved, by 
measuring the y—y directional angular correlation between the 34 and 100 
keV y-rays. 

EXPERIMENT AND RESULTS 

The experiment was carried out with a slow-fast coincidence assembly using 
two RCA 6810A photomultipliers coupled to two IJ" dia X IJ" thick NaI(T]) 
phosphors. The coincidence resolving time was 20 ns. 

The source was obtained from the Radiochemical centre, Amersham, 
in the form of CeClg in HCl solution. A small drop (^-^Imra in diameter) of this 
evaporated on a thin mylar film (thickness^lmg/cm^) served as the source for 
this investigation. The source diameter being very small compared to the size 
and distance of the phosphors, no geometry correction due to finite size of the source 
was done. 

For measuring the angular correlation of the 34-100 keV cascade, a narrow 
portion on the low energy half of the 34 keV peak was selected in one channel. 
The 100 keV peak was selected in the other channel by placing the pulse 
height analyser on the high energy side of the peak (100 keV peak has a measurable 
area under it in the coincidence spectrum). This reduced the contribution of the 
80 keV y-ray to a very small value. The distance of both the counters were kept 
at 7 ems from the source. Slow rate of coincidence did not permit recording of 
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data at more IhaTi four angles from 90° to 180°. The total time for recording 
these data and the random coincidence wtis over 50 hours. 

The (jorrelation function obtained by least square fit of the data (Rose, 
1953) and then corrected for finite geometry of the detectors is given by 

11^(6/) = 1 --(0.226±0.030)/*2 cos (0.018^0.030)7*4 cos 6/. Fig. J shows a 
jDlot of W{0) against d. 



Fig. 1. Tlio thooreiicul and exponmontal curves for angular corrolation of Uio 34-100 
koV cuac'iido of PiUi The thooroiioal values of aj tuo — 0.2.'50 for a ()(2)2(1)J and —0 244 
for 0(1)1 (1)1 and 0(1)1 (2)1 cascades. The valuo of ai is zero for all those cascades. 

The theoretical W{0) vs 0 curves for a few cascades are also given m the same figure 
for comiiarison. The cascade that can be compared are 0(2)2(1)1, ()(1)1(1)1 and 
0(1) 1(2)1, having very nearly the same theoretical values for That the 
term in tlie experimental W{0) does not conti-ibutc anything significantly, can be 
shown from the T’-test as outlined in Kleina’s work. (Klema 1956, Goulden 
1952). Different other cascades with assumed non-zero spins of the ground state 
were tried but only tlie above three could be fitted. This fact and the closeness of 
the theoretical and experimental curves of Fig. 1 excludes any multipole admixture 
in the 100 keV transition. Referring to Geiger et aVs internal conversion data, 
100 keV can now be accepted as pure E2. Since the angular correlation data 
show a maximum of 1% E2 admixture in the 34 keV Ml transition, one can 
conclude that 0(2) 2(1) J js the only iiossible mode of decay for the 34-100 keV 
cascade. 
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COMPRESSIBILITIES, HYDRATION AND ACOUSTIC 
PROPERTIES OF AQUEOUS SOLUTIONS OF 
SOME METALLIC SULPHATES 
M. SATYANA.RAYANA MlIRTY and B1i KUTSHNAMURTY 

PmYSJL'H DKPABTMKNT. AnDIIIJA llNlvmsiTY, WaT/J’AIH 
{ItiiCPirid j\oi'^mbcr 17 

ABSTRACT l^ainp: u /ixod palli latorroKimotw, ultruHomc' v^docitiOH liavo boon 
dctoimiiiyrl ai a fioquom y ()I abuiit I 'I Mc/.suc ami lionco adiabal ic and a])|iaront molar com- 
pro,shjbi]]|,joH, acouatio impodimco, molar Round volooitioH ami liydmHon numborR Imvo boon 
oalculatocl in ilio caso ol aqui-ous ho1ii1.ious ol snljilialoH of nino inolals sit a t'ood numbor of 
ooiujontrafions iiiilo :i molos ami at tho (.oinpoiaHno of 28'(! Tlu* volni ily-vai-iation with oon- 
coiiUalion, adiabalif (‘onipiossib'lity-vai-iatioii wntJi (‘oneoiifraiiou aro found to show a dopon- 
donct' on Lbo almnn wojght and tlir radniM ol I lie inetallir, mii K^Hpooiivoly, 'I'lio apjiarent 
ninlai oomproHHibilily, tlio acoustic inipodanci^ and tlie inolai .sound vcloiily aro loumi to 
vary linearly with square root ol concontral ion, concentration and molar fraction of tlio solnto 
rospectively, and the Rradieut.H of Uio straight hues of those thriu) jnoporlios aio found to exhi- 
bit a goi.eial dcpendoricn on the molecular weight ol the salt. The adiabatic ecaripm.Hsibility 
variation Avitli conccntial ion m obhciv.^l to bo dopeiidoni, inversely oit liytliatioii uuinbers. 

I 'V K 0 D U V T 1 1) N 

J lie study of tjio (joinprossibilitics aiid othci rolatpd propcriicfi of aipteous 
solutioDN of salis lias proved to bo very usclul m obtaining inlbrniation rogarding 
tlic state of affairs that olitain in a solution. A good amount of work has boon 
leoeiitly done in tliis held by diflorcnt workers (iSubrahmanyam, c^ al. 19(i0), 
An examination ot the literature on the subject reveals however that the work 
IS not extensive and the results of the dirfercnt antliorsare eontradictory in certain 
aspects. As an example it is found that the nature ol’ dependenee of the ultra- 
sonic velocities and compressibilities on concentration are ascribed to fUffererit 
factors like the atomic weight of the metallic ion, the ionic radius of the metallic 
ion, molecular weight ol the salt, ionic strength etc. Such an ambiguity is pro- 
bably because certain salts show dependence of their velocity or compressibility 
variation on atomic weight of the metallic ion and certain other salts on the ionic 
radius or on the moleimlar weight of the salt. 

The present paper reports results in ultrasonic velocity, the molar sound velo- 
city, the adiabatic and apjiarent molar comjiressibilitii^s and the acoustic impe- 
dence in aqueous solutions of 9 metallic sulpha tes, and the different properties 
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have boon discussed in regard to thoir variation with concentration as dependent 
on one or the other of the factors suggested above. 


X r JO K 1 M E N T A L 

A fixed path interterometei (Rao and Rao, 1957) working at a frequency 
ot 1.4 Me/seo has been employed for the determination of ultrasonic velocities. 
Though this method involves the velocity determination by altering the frequency 
of the ultrasonic wave around 1 A Mc/sec. (which is the fundamental frequency of 
the crystal) the possibility of dispersion can be ignored in view of the very little 
changes in the frequency of the order of 0.3 Mc/sec. The other related properties 
are calculated from the velocities by means of the following relations ; 


Where ft is the adiabafi • compressibiliiy v is the velocity and p the density of 
the solution. 


1000/? _/f, 

V p-^ x. C J • 

(f) is the apparent molar compressibility 

where and p are the compressibility and density of the solution at the concentra- 
tion C and and /q are those of the pure solvent and the molecular weight 
of tne solute. 


Z = Pv 

lAhaie Z 18 th^ specific acoustic impedance. 

P 


( 3 ) 

( 4 ) 


where B. is the molar sound velocity, M is average molecular weight calculated 
from the relation, 

„ ^1- ^1 '^2^ 2 

where is the number of gram moles of the solute, molecular weight of the 
solute, %2 number of gram moles of the solvent, molcc,uiar weight of the 
solvent. 

I.im -Pi¥„ ... (3) 

O->0 

where is the volume of primary water of hydration for mole of the electrolyte. 
The limiting value of ^ is obtained by extrapolating (j> versus 's/G graph to zero 

c — >0 

concentration. is then divided by molar volume of the solvent molecules 
in the primary hydration sheath which gives primary hydration number. 
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RESULTS AND DISCUSSIONS 

Ultrasonic velocity ; For all Halts chosen in this study the ultrasonic velo- 
city is found to increase with increasing concentration, relatively slower at lower 
concentrations, say, up to 0 5 mole, and more rapidly beyond that concentration. 
The curves indicate that the variation approximates to being linear between 
0.5 and 2 or 2 6 moles. The gradients of the ajipioximately straight portions of 
the velcoity curves are calculated. Tt is rather interesting to find that in the case 
of six sulphates of the metals, lithium, magnesium, iion (ic), nickel, cobalt and 
cadmium out of the nine taken up the gradients arc found to decrease with in- 
creasing atomic weight of the metallic ion. Since the sulphate ion is common 
for all these salts, the decrease in the giadients (the gradient indicating the rate of 
variation of velocity with concientration) must reasonably be attributed to the 
increase in the atomic weights of the metallic ions. A logical extension of this 
idea means that lor salts with metallic ions of higher and higher atomic weights, 



Conoentratioii in moles/liti t}. 

Fig 1. Variation of ultrasonic velocity with concentration. 

the rate of variation of velocity goes on decreasing and for salts with heavy metallic 
ions the velocity may decrease with increasing concentration. This expectation 
is corroborated by the results in certain heavy metallic salts reported earlier by 
the authors, wherein it was shown that in the case of six heavy metallic salts the 
velocity decreased with concentration. 
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Afhahalw cow/pre Hsihihty • Tlio adiiihattc; coii).presKibiJitv Jias dccrmsed 
with (ioJU'eiitra.tioTi lor all salts. Between 0 I aiifl 2 moles the late oi vrariation 
apjjroxiiiiates to being linear the gradient being veiy nearly the saino i’or a majoiity 
of the salts vi oiked. When an attempt is made to study tJie dependence of the 
variation of ji with eomamtiatiun on the lonie- rad ins of the metallic ion it is found 
that ill tlio casi^ of the salts of tlie metals manganese, chromium, iron(ic), nickel, 
cobalt, cadmium which are in the order of increasing ionic radius of the metal 



(Join oiiti’uiion in moloK/htrc'. 

Fig. 2. Vamition of acliabaiu* ^■omlIleHalbllltle8 wilh L-oncontration 
ion, the fi eonecntration curves arc displa<;cd up, which means that at corres- 
ponding concentrations the fi values increase for salts with metallic ions of 
increasing radius. This contradicts the findings of an earlier author (Marks, 1969) 
where in the reverse dependence was reported. But as his result has been 
confined to quite a few salts the correctness of tlio result is open to question. 

Apparp/nt 'molar comprcsnlnlity : — The apparent molar compressibility 
(j) IS found to increase linearly with '^/G only at higher concentrations, say, beyond 
0.6 mole and not at the lower concentrations This result is in conformity with 
similar findings of the autliors (Satyanarayanainurty and Knshnaniurty, 1962) 
in the case of nitrate solutions. An attemiit is made to study the dependence 
of the gradients of the (j) to \/G straiglit lines on the molecular weights of the salts. 
A similar study w as done in the case of the salts of the nitrates as reported in an 
earlier publication (Satyanurayanamurty and Krishnamurty, 1962) wherein 
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a general, though not exactly linear, dependence between the gradients of ^ to 
y/ G straight lines and molecular weights w-as found in the case of 10 salts. The 
molecular weights of the salts of the piosent investigation and their respective 
gradients are also found to exhibit the general dependence. 



Fig. Vamition of “c4” with “ tJV 

Acoimtic impedence The acoustic- impcdencc Z depends linearly on the 
c.oncentration for all the salts taken up here as ciaii be seen from Fig. 4. This 
confirms Marks findings in the case of some salt solutions. It is also interesting to 
observe the gradients of the Z—C straight lines show an increase with increasing 
molecular weight for five salts namely those of Li, Cd, Al, iron(ic) and Cr. Also 
in the case of other salts of the present investigation there is a general dependence 
between the two, as for instance, the values of the gradients arc almost the same for 
salts of Od, Ni and Co whoso molecular weights are also almost the same. 

However according to equation proposed by Prakash and Srivastava 
(195S), that is Z'‘, is expected to be linearly dependent on the loiiie 

strength and the gradients for various salts have to bo the same. But when 
we have plotted -y/z versos p, (Fig. 5) for the salts of the present study, it can be 
seen that only at lower ionic strengths the relation can bo called as being reasonbly 
linear. Also the gradients are found to bo by no means the same for all salts. 

Molar sound velocity B . As can be seen from Figs. 6 and 7 the molar 
sound velocity R is found to vary linearly with the molar fraction of the solute 
3 
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as is already suggested by earlier authors (Padmini and Rao, 1960). The gradients 
of these straight lines (see Table 1) are found to show a general dependence on' 
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Fig. 6. Variation of molar sound velocity with molar fraction. 
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Fig. 7. Variation of molar sound velocity with molar fraction. 



TABLE I 
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ihe molecular weight of the salt by way of iiicroasing for salts with increasing 
molecular weights. It can be seen that the gradients and tlie molecular weights 
increase for the salts of Li, Cd Ni, Co, Fe, Ci*. 

It has been so far pointed out that the variation of the apparent molar 
compressibility, acoustic impedenoe, and the molar sound velocity with concen- 
tration shoAvs a general but definite dependence on the molecular weight of t)ie 
salt. The authors therefore suggest that the important properties of an aqueous 
solution dependent to a larger extent on the molecular weight of the solute rather 
than othei factors like weight, radius and valence of the cation. 

Hydration numbers : A few earlier w'orkers have (jommented on the effect 
of hydration on fi. One suggestion was that the de])ondenco ot variation of (i 
with concentration on catioiiKi radius is influenced by hydration. In the present 
case, it IS found that for salts with decreasing hydration numbers the correspond- 
ing fi-c curves are displaced up. It happens in the case of the salts of Mn, Fe, 
Al., Ni, Co, Mg. This means that at any chosen concentration the fi doiiends 
inversely on hydration number. 

It has already been noted that the P—c imrves are displaced up for salts 
of metals with increasing cationic radius. This result coupled with the inverse 
dependence fi—c variation and hydration numbers implies that as the cationic 
radius increases the hydration number of the salt detsreases. This corroborated 
by the fact (iSuryanarayana, 1902) that m the case of monovalent ions that the 
hydration numbers decrease in the order of Li > Na > K > Rb > (Is, and in the 
case of divalent cations in the order Mg++ > Ca++ > Sr++ > Ba-* in both the 
cases the metals being put in the order of their increasing ionic radius. 
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Plate VI 

ABSTRACT. The iibserplion apoctriim of silver vnpouis reveals the existence of twt> 
now band systems in the le^iona (i) A,\2G90-2(i30 anrl (n) a>2.550-2400. All these bands are 
degraded to longer wavelengtl] sido. They Imvo been anulysod and designated as C and 
1) systems respcftivoly Tin* band-bends of thoso systems can bo represented fairly well by 
the followmg eciuatioiia. 

Gi X system 


V 37G31 8H- 170 6('</+i)-0 600)'+i)2 
-192 2(i>"-| i)+0 62K-bi)2 


Di X system 

p = 40163 4+141.0(«i'+ i)-0 0J(?/-|-i)-’ 
-192 2K+|)-f-0.62K+i)2 
INTRODUCTION 


A study of the band spectra of diatomic molecules of IB group of olemcmts 
has been the subject of numerous investigations in recent years. It was Ruamps 
(1954) who first studied the spectra of these elements in emission from the King’s 
Furnace. Tlie molecules which he a(;tually studied were Cujj, Agg, Aug and 
CuAu. Later, Klcman and Lindkvist (1955) observed and analysed the spectra 
of Cun, Aga and Aua molecules ajipearing in the visible region. They could also 
resolve the isotope shift ivliich confirmed the identity of the emitters In view of 
the fact that these investigations were made in thermal omission, the lower states 
involved m these transistions were identified as the ground states of these mole- 
cules. The spectroscopic constants of these molecules do not show much regularity. 

Because self-reversal was only observed in the emission spectrum of Agj, 
the same was photographed in absorption also. Its spectrum consists of red de- 
graded bands stretching from 5200 to 4000- A, which have been grouped into 
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one system (A — X) by Kleniaii and Liiidkvist- J^cccnt studios by Joshi (1958) 
on the abst)rption spectrum of Ag, uiolecuJe have revealed the existence of a 
new band system in the region AA294()- 2750. All the bands of this system 
(B — X) are degraded to longer wavelength side. 

In the course of investigations on the molecular spectra of AgTe and AgSe, 
the author photograjilicd tlie absorption Hpoctrum of silver vapours heated to 
1800°C. The following results have been obtained. 

(a) The band system between 52()O-4()0oA analysed by Klcnian and 
Lindkvist. 

(b) A band system between 2940-275()A obsoreed and analysed by Joshi. 

(c) Two new systems of red degraded bands one between 2090 -2030 A 
and the other between 2550- 2460 A. The present paper ri'ports the vibrational 
analysis of these two new systems attributed to Ago molecule. 

1C X P E Tl 1 M E N T A I. 

The procedure followed in obtaimng the present sj)ectra is the same as in 
previous studies of AgTe and AgSe molcouleH. A small quantity of spec, pure 
silver metal was vapourised in the graphite tube 14 cm long and .5 cm in internal 
diameter. After evacuation the furnace chamber was filled with nitrogen at a 
pressure of about 55 cm Hg. Observations wiue made at different temperatures 
ranging from 1400'"C to 2000°C It was found that the bands developed best 
at about 1800°C. The temperature was measured wuth the help of an optical 
pyrometer. 

A quartz hydrogen discharge lamp manufactured by Thermal Syndicate Ltd., 
England was used as the source of ultraviolet continuum. Copper arc served 
as the comparision spectrum. Exposures ranging from 10 to 20 minutes were', 
found sufficient to reijord the spectrum on Kodak 103-0 spectroscopic plates, 
using a Hilger large quartz spectrograph, which has an average reciprocal 
dispersion of about 3 A mm~^ in the region studied. 

It would be worthwhile to mention here that those new bands and also those 
reported by previous workers i.e. A — X and B — X .systems, appeared unfailingly 
when any of the silver halides (AgCl, AgBr and Agl) was heated in the furnace. 
No silver halide is known to have spectrum in the region where these new bands 

occur. Also these bands together with A< — >X and B< X system of Aga made 

their appearance when only spect.-puro silver metal was heated to 1800°C. 
Further the experiments were performed in vaccuiim i.e without filling the furnace 
chamber with nitrogen gas, oven then those bauds could be photographed. The 
only difference marked was the diminution in the intensity of the bands. This 
was due to the rapid effusion of the silver vapours from the open ends of the ab- 
sorption tube. 
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Jt E S U L T S 

The bands obtained in the present investigation oeciir in two different regions 
of the Hpectruni i.e. (i) A/\ 2690— 2630 and (ii) AA2.550— 2460 These are design- 
ated here as C and D systems respectively. Reproduction of their spectra are 
shown in Fig. I (Plate) (a) and (h). 

C'< X system (AA2690— 2630) 

The bands belonging to this system are narrow and all arc degraded to longer 
wavelength side. The intensity is concentrated in Ai> — 0 sequence, falling off 
rapidly towards -f 1 and —1 sequences. Quantum numbers have been allocated 
by a study of intensity distribution. The most intense band at v — 37621 cm-^ 
has beiMi taken as (0 , 0) band. To a fair degree of accuracy the wavenumbers of 
the band-heads of this system can bo represented by the following formula. 

V --- 37631.8-f 170.6(i;'-l-i)-0 60(?/ + i)2 

-192.2(^/+^) f0.62(v"H i)’' (1) 

Besides the classified heads, about five line-like heads remain imclasulied 
in the — 0 sequence It is assumed that the band-heads which can be repre- 
sented by the aliove formula are Q heads and the unclassified bands which belong 
to the same system are R heads. However, this assignment is tentative on ac- 
count of the fact that separations between the Q and R heads cannot be calcu- 
lated ae-curatcly, since these values of rotational constants are not available for 
this or related molecules. 

The measured wavelengths, visual estimates of their intensities on a scale of 
10, wavenumbers both observed and calculated and assigned values of the quan- 
tum numbers are included in Table 1. Table II gives the vibrational scheme sug- 
gested for these bands. Table HI gives theii intensity distribution in the system. 
In view of the ncaily equal values of the upper and ground state vibrational fre- 
quencies, the intensity distribution is compatible with the Franck Condon Prin- 
ciple. 

Di X system (AA2r)50-2460) 

The bands of this system arc weak in intensity as compared to the bands of 

C< X system. They resemble in appearance to the B system observed by 

Joshi and to the A system of Kleman. The following equation was found to re- 
present all the observed bands of this system fairly well. 

V - 40163.4+141.0(7/+i)-0.01(v'+4)2 

-192.2(i;''+i)+0.62(?/'+i)2 ... (2) 

Band -head data, Hcslandres scheme and intensity distribution is given in 
Tables IV, V and VI respectively. 
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PLATE-VI 


C''— X System 

;? head 


Ai' = 0 


(a) 



2650 2680 


D^—X Jystem 



Pig 1 Absorption spectra of Ag, molecule 
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TABLE I 


Band head data for the 0< X system ol Agg molecule 


X air 

A 

Iiiioiisity 

nb.'^. 

•m i) 

culc 

AimlysiH 
(v', v") 

2075. S 

1 

37308 

37309 

3, 4 Q 

2073 7 

1 

37390 

37389 

2, 3 Q 

2672 3 

2 

37410 

37410 

1, 2 Q 

2670.8 

4 

37430 

37430 

0, 1 Q 

2068 . 3 

5 

37405 

37171 

7, 7 Q 

2666 8 

5 

37487 

37492 

0, 0 Q 

2005 1 

0 

37.511 

37511 

5, 5 Q 

2663 5 

7 

37533 

37635 

4, 4 Q 

2603.2 

4 

37537 


4, 4 K 

2061.9 

7 

37550 

37550 

3, 3 Q 

2661.5 

0 

37501 


3, 3 R 

2600.2 

8 

37679 

37678 

2, 2 Q 

2659 . 8 

0 

37585 


2, 2 K 

2068.7 

9 

37601 

37599 

1, 1 Q 

2668.2 

8 

37608 


1, 1 K 

2667 . .3 

10 

37621 

37021 

0, 0 Q 

2666 7 

8 

37629 


0, 0 K 

2663.5 

3 

37674 

37677 

6, 6 Q 

2061 . 0 

3 

37697 

37700 

5, 4 Q 

2060.2 

2 

37721 

37722 

4, 3 Q 

2648.6 

1 

37744 

37745 

3. 2 Q 

2646 . 9 

1 

37709 

37708 

2. 1 Q 

2645.3 

1 

37791 

37790 

1, 0 Q 
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TABLE II 


Dcalandres arrangement for the C< X system of Agg molecule 


v' v" 

0 

1 

2 

3 

4 

5 6 7 8 

0 

37621 

37430 





1 

37791 

37601 

37410 




2 


37769 

37679 

37390 



3 



37744 

37666 

37308 


4 




37721 

37533 


a 





37697 

37611 

6 






37674 37487 

7 






37466 





TABLE III 



Intensity distribution for the C< X system of Agg molecule 

v' v" 

0 

1 

2 

3 

4 

5 6 7 8 

0 

10 

4 





1 

1 

9 

2 




2 


1 

8 

1 



3 



1 

7 

1 

• 

4 




2 

7 


6 





3 

6 

6 






3 5 

7 






6 


TABLE TV 


Band head data for the D< X system of Agg molecule 


\ air 

A 

Intensity 

V vao. (cm.-i) 

oba. 

calc. 

Analyais 
{v\ v") 

2520.6 

1 

39661 

39603 

2. 4 

2B17.8 

1 

39706 

39710 

1, 3 

2514.6 

2 

39767 

39767 

0, 2 

2511.6 

2 

39803 

39804 

3, 4 

2508.6 

3 

39860 

39851 

2. 3 

2505 6 

4 

39898 

39898 

If 2 

2502.6 

5 

39946 

39947 

0,1 

2496.8 

2 

40039 

40039 

2, 2 

2493.7 

4 

40088 

40088 

1, 1 

2490 6 

6 

40138 

40138 

0, 0 

2488.1 

5 

40179 

40180 

3, 2 

2485.0 

6 

40229 

40229 

2, 1 

2481.9 

4 

40279 

40279 

1,0 

2476.4 

2 

40369 

40370 

3, 1 






New Band Systems of Ag<i Molecule in the Far, etc, 373 


TABLE V 


Deslandres arrangement for the D< X system ofAg^ molooulo 

v’ v‘' 

0 

1 

2 

3 

4 

0 

40138 

39940 

39767 



1 

40279 

40086 

39898 

39706 


2 


40229 

40039 

39860 

39G01 

3 


40309 

40179 


39803 


TABLE VI 

IntoriBiiy distribution for the D X system of Af^g moleciilo 


u' 0 1 2 3 4 


0 

G 

6 

2 



1 

4 

4 

4 

1 


2 


0 

2 

3 

1 

3 


2 

5 


2 


l>ISCUSS10N 

The observations made and the facts recorded thereto under the experimental 
section indicate that these bands are duo to silver. 

The vibrational analysis of these bands grouped into two different systems 
1.0. C-t- X and D<— X gives the ground state vibrational frequency 192.2 cni”^, 

which has already been established as tlie ground state vib. frequency for the Ag^ 

molecule by the studies of Kloeman (A->->X system) and of Josbi (B< X 

system) Further these new bands should not be confused with a nitride, a hydride, 
a carbide and an oxide of silver. In all such cases the molecules are comparatively 
too light and, therefore, caimot have ground state vib. frciiuency of the order of 
190 cm“^. Thus it is fairly conclusive that these bands are due to diatomic silver 
molecule. The possibility of formations of polyatomic molecule can be ruled 
out, in view of the simplicity of the structure of the bands and also the tcmiiera- 
ture at which they appear. The possibUity that these bands may form jiart of 
the known systems can safely be ruled out in view of the facts tliat (a) They occur 

in different region, (b) They do not fit in the formula suggested for B< X or 

A< ►X systems and (c) They form well defined sequences and progressions of 

whicli the (0, 0) band could easily be recognised. 

The confirmation with a study of isotope effect could not be carried out on 
aecount of the insufficient resolving power of tlui spectrograph. Of course, the 
heads of the bands which are away from the system origin are not so sharp. That 
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i.s wliy tlirrc is a shglit disapirctMiieTit l)('iw(‘en tlip ojiservi'd and i-alonlated position 
I'oi tJi(;so l)Linds 'I’lit; reason ioi l.lii* laiJt of sharpiK^ss of tlu‘,s(^ fiaiids can he the 
]m*s(Mi(:c of isof.ojHc (As for these hands, tlic isotopic shift will lie compara- 

tively huge ) 

From the photograjili ol the t5< X sysf.em ( Plate (VT) it is clear tliat the 

(f), 0), (1, I), (2, 2), (Ih 2) and (4, 4) hands an* aecompariiorl with a lim^ lihe hand on 
tli(i shorter Avavc'length side, Avhich do not ht in tin' f'omula and have hoen (lassified 
provisionally as 11 Insids ((d. line like 11 h(‘ads in the n.v. system of AlOl moleculo).| 
Tlnnr apjiearancc first snggestcfl flicm to ]u‘ (.he lines ol silver atom. A comparison! 
of f.lieii wavelengtiis Avith the ('xtensive M F T WaveliMigth Table showed that they\ 
ar(‘ iHMther diK' to Ag af-om nor duo to any other iinjnirif.y. Thus it is almost 
dcdiniU; that f,h(\v an* associated witli these hands. Their separations from the 
aecomyianying hands cliaiige in a regular inanner i.e from (0,0), (1, 1), (2,2), 
(ii, 11) and (4, 4) liaiid it is S, 7, h and 4 cm lespeetively. The genera! ajiyieaiaiiiie 
of fliese hands. a< coinpaiiK'd witli the line like hands whose sepaiation dei'reases 
nnilonnly as one yirocee.ds from one hand to another in Ai; = 0 seipieniic suggests 
them to he 11 lieads. It v\ill h(' seen that the diff(‘renc(‘s for tlie Q heads are very 
uiiifoi 111 , [iroviiig that the measnied positions of the Q, heads are viny I'lose to the 
respective hand origins Tlu' eorres|Mmdmg diffin'ences of tlu^ 11 heads <is is ex- 
pected shoAV no sncli iinilormity on account of varying distaiiees of the R heads 
from their hand origins. 

The analysis of the D 4-X systinii pieseiited no difficulty as it foims well- 
developed seijuences and yirogressions. The (0, 0) hand was easily recognised. 
Nearly all fhe hands ohserved tit well with the pro]ios(‘,d formula fui this system. 
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LIGHT ABSORPTION IN PARAMAGNETIC IONS IN 
STATE OF SOLUTION 
Part IV-Co^''ions 

A. MOOKHEKJJ^ and N. S dFTHONKAR 

PllYSK’,8 LaBOHATOUD'IS, AuUA CoLUfl(ili, Aiuia 

{Hcceivcil Drcemhtr 8. J962) 

ABSTRACT. ab, solut ion m loii sallin is atudiofl by u Hilpc'vV "UvrSPEK” 

npoc’lji ophotoraotfii* iii tlio l■llnj;fo 3,01)0 A. 'J’ho ranull..s are disouHhod in l,lio jipht of crystalline 
eloctriu lield tliooiy 

It i« obseivod iJiat tUo ovoridl cryatal (leld Kpliitiiig (~ J0,.'i50 cjil")) is inoiu tbnu tbiit 
for Ni+^' lOiiH Halt but Jess Ibiin Ibat ol t'r* ■"* ion sultK. 

The tona Hoparution aa dodueod eomos out smaller than tho Iron ion vniluo From Lins 
lowering, tho covnloncy factor /- was ovaluatod. f' tends to a value 05 pmnling to the fact 
that m Oo I !■ ion salts the fT- and TT- orbitals overlap is negligible and tlie water cluster 
about tho C)ol+ ion is more Huscoptiblo to se«‘ondary distortions due to distant atoms than 
that of 0u+'* and ( V ' ++ ions 

1 N 'P U 0 D IT C T I O N 

In the (liird paifc ot tJiin paper (Mooklierji and Clilionkar 1901) wliioli we shall 
refer as Part Hi licj‘(‘-Jift(‘r, a systeinittic optKial investigatioji ol the oonscupienooH 
of tlic crystallnu' ('lc<‘tri(; hold on tlic optioal and magiK'tio l)ehayiour ol Crl+^ 
ion salts in aqiioons solution has boon reported. A number of interesting results 
that have been obtained arc 

1 . The overall eubn! field splitting is much larger in 0r+ ' ion salts as 
eoinparcd to Cir^ and Ni++ ion salts. 

2. The eovaleney factor p arises out ol rr- and 77-orl)ital overlap 

3 The elfcet of the Jong range fields on the water elustiT about Or*"' *' ion 
is negligible. 

The groiuid state of free Oo ' * ion is an F-statc (IkP ^F) like 0r+^ ' ion 
^F) and Ni++ ion (IkP "^F). Put unlike octabedially coordinated Ni+' ion or 
Or •-++ ion an orbilally degenerate triplet F^ lies lowest in the starJt pattern for 
00+*“ ion with sinubar eoordination Naturally tin* optical anrl magnetic bo- 
bavioiir will differ e.onsidofably from that of Ni+ '' ion or Cr+ ' ' ions. 

As the triplet lies lowest there will be a large orbital contribution to the mag- 
netic moment in ordinary pink cobalt salts. Consequently secondary distor- 
tions from distant atoms will be quite appreciable (Pose d al. 1952). 


* Now at Burdwun Univerfiity, llurdwon 
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DrciRch f.t nl. (1937) working on tho Beleciive absorption spectra of Co++ 
ion salts observed band beads approximately at 8,000, 12,982 and 19,418 cm~^ 
wliile Holmes et al. (1957) observed band heads at 8,350, 19,800 cm~i. Hreiseh 
p7 al. (1937) found fine structures for the infrared band but Holnies el al. (1957) 
with much higher resolving power instruments failed to observe any fine structure 
for that band. 

Jorgensen (1954) tried to explain these bands on the assumption of a purely 
cubic field acting on the Co^ + ion and came to the (ionolusion that for a correct 
explanation the influence of a tetragonal field should also be taken into account. 
Indeed Aliragani and Pryce (1951) could explain the PMR data on Co++ ion 
salts on the assumjjtion of a small anisotropic field having tetragonal symmetry 
compaiable to sjiin-orbit coupling superimposed upon a predominant cubic field 
acting on (Jo++ ion. On the basis of the same theory Bose et al. (1961) explained 
satisfactorily the t^xperimental magnetic susceptibility data of Co+ '■ ions in crystals. 

l^he present communication deals with the measurements of absorption specitra 
of about a doziui of Oo++ ion salts in aqueous solutions The results of measure- 
ments arc discussed in the light of crystalline electric field theory. 

E X P 15 in M E N T A L 

The spectra of solutions wore obtained with Hilger’s UVISPEK spootro- 
photometer using the same procedure as in Part T. (Mookherji and Chhoiikar 
1959). Chemicals used wore of Meriik’s gravimetric reagent quality. Triple dis- 
tilled water was used for making solutions. 

The incasureinonts centred round 27 °C. No observable change of the posi- 
tion of file absorption bands was noted for small room temperature changes. 

RESULTS 

Results of measurements are collected in Table I. The location of the maxi- 
mum of the absorption band for various salts are given in wave numbers. The 
variation of absorption in different salt solutions are shown graphically in 
Figs. 2 to 12 Just like the cupric salts (Part, I) nickel salts (Part II) and chromic 
salts (Part III) progressive dilution from that concentration at which the 
prominent peak is obtained does not change the position of the absorption peak. 

DISCUSSION 

(a) The ahsor'ption apectni 

The spectrogram of absorption spectra of Co++ ion in about a dozen of salts 
in aqueous solution show a single band at about 19,550 cm“^ and two discernable 
bands at about 20900 cm“^ and 21 ,800 cm“^ within the range of our studies. These 
bands are assigned the transitions (C—a), (Gj— j:>i)and (C^—pz) and will be 
designated by A£J„, and respectively as shown in Fig. 1. The other 

band which is in the infrared (-^8350 cm~^) will be called as AEf,. 
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Fig. 2. Absorption curve of CoS 04 
1,6 % solution. 


Fig. 3. Absorption curve of Co(NH 4 S 04 ) 
3 % solution. 
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Fig. 4. Absoiption oiirvo of Co(X^ .S().j)2 Fig 6. Absorpkon ourvo oi Co(EbSOj)u 
2 % Koluiiou. 40/^ Holution. 






Fig. 6. Absorption curve of Co(TlS04)j Fig. 7. Absorption curve of C0OI2 
saturated solution. 2% solution. 
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Fig. 8. AbHorpiion curve of CoBrj Fig. 9. Absorption curve of Co(NOa)j 
2 % aolution. 2 % solution. 



I'^ig. 10. Absorption curve of Coa Bi(N 03 )j 2 3.7 % aolution. 

(t) The crystal field and energy level 

The ground Hiatc of Co+' ion is and the term of the same multiplieety 

lies about 15,400 etu"^ (Moore 1952) above it. The type of complex ions with whicli 
we will be doahng in this paper have the Co++ ion at the centre of an elongated 
octahedron of water dipoles. 

The electric field potential near about Co++ ion is of the form as given by 
Eq. 1 of Part II. This field sphts the ground state of Co+ i* ion into energy 
levels as shown in Eig. 1. 

Ac(iordmg to Owen (1955) the energy levels will be approximately given 
by the exiiressions as given in Fig. 1. 

5 
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Fig. 11. Abaoiptiorj curve of Oo(CHOO)j Fig. 12 Absorption cui-ve ul Co(CHyt300).; 
2 % Holution. 3 % solution. 

TABLE I 


fcJalt 

Position of 
maximum 
Concentration absorption 
% y in cm~i 

K cm“' 

E' 

P 

Co SO 4 

1.5 

19,610 

22,890 

14,030 

.950 

Co(N}-l4.S04):- 

3.0 

19,530 

22,786 

14,660 

.961 

Co(K.S 04 )a 

2 0 

19,530 

22,785 

14,650 

.951 

ColRb.SOi):! 

4 0 

19,530 

22,830 

14,650 

.961 

Co(T1.S04)2 

Saiui'utoci 

19,570 

23,100 

14,640 

.961 

C 0 CI 2 

2.0 

19,800 

22,786 

14,660 

.946 

Co Bra 

2.0 

19,630 

22,830 

14,660 

.951 

Co(NO,)a 

2.0 

19,570 

22,785 

14,660 

.951 

Co3Bia(N03)ii! 

4.0 

19,530 

22,786 

14,650 

.961 

Co(C(100)a 

2.0 

18,530 

22,785 

14,606 

.952 

Co(OHaCOO )2 

3.0 

19,490 

22,350 

14,6.50 

.951 
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It is evident from the expressions of energy levi*ls as given in Fig. 1 that 
we slioiilcl expect not less than six ahsorption hands in tlie vissible region, but 
actually we have obseivod only three. The occurrence of lliroe bands instead of 
six can be explained in the following nianner . 

From the expressions of energy separation it is evident that the energy dif- 
ference between (Oa-pa) and ( 6 \-pi) is (^f T, -10/35 7^). This is also the 
case with the transitions from and to and respectively. 

The two tenns in the expression, (12/357’j.— T^) are of opposite sign and of 
comparable magnitude (12 T.^ ~ IOT 4 ). So for fitting optical data om* can treat 
and G 2 levels as a singlet in state of solution. Consequently the abscnption 
bands Avill b(^ limited to only three as observed. This view is also supported by 
the theoretical findings that the tetragonal sfilitting in case oi' single crystal 
C'„(K 280 .J 26 H 20 is =; 280 cm-i (Chakravorty et at. 1059). Moreover, even at 
ordinary tenijicratures 6 \ is appreciably less populated than G^ so that the 
transition from G^ would be weaker. 

(c) Galculation. of the cubie field coejficAent (K) 

We have stated earlier that we can treat the lowest levels G^ and (K, as si single 
level,. The approximate energy levels under the condition will be given by Fq, 
3 taking the lowest as zero. 

A *" + X+ 

1 a i)llK-\-X--24IU)5T^ 

b, 8/21A"d-^+36/1052’4 
Ih, 8/21 A" -40/105^4 
c 0 

Tims 

^E^ - GjlK+X- 7-, 

^EP, = A7'+2A+2/7/r-26/35 
AA/Pa = Jg7'+2A-1 2/7A’H~9/35r4 

From these assignments it is possible to estimate 7\ from the measured band 
AKpi and which comes out 900 crn-^. 

Holmes et al. (1957) found that the infrared band is a single one, suggesting 

that the terms and arc quite small, compared to AJE?b~8350 cm-h 

Our evaluated value of also points to the same. Thus taking the levels and 
6 g as single we get X ~ 200 cm“^. Consequently in the expression for 
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Eq. 2, are justified to droj) the contrihiition of JC— | | As a result 

we get Ea — G/yAT and lienee K can he evaluated from the measured AS/a-values 
for the different salts These are included in Table I. 

(d) Evaluation of the Hpeoiroscopic term separation (E') 

For Co+^ ions in which state lies lowest the term speration E' can he 
evaluated from Ist and 2nd expressions of Eq. 3 by eliminating X. Tims we have 

r = A^H- T,. 

On substituting tlie observed values of and A^/„ and the ealeiilated values of 
K and we have evaluated E' for the various salts. These arc also included 
in Table i. 

Tt is seen that there is a lowering of tht; term soperation E' from the free ion 
vahn* Following Owen (1955) this lowering is attributed to the covalciiey factor 
P arising iroin the partial overlap of 3d-orbitals with cr- and Tr-orbitals of the siir- 
rouiiding atoms Hence EfE —P, whore P ~ 

We have thus calculated p taking E — 15,400 cm- (Moore 1952). ' These 
are also included in Table I. 

Tt IS interesting to note tliat these values are almost unity suggc'.sting that 
in octahedrally coordinated 00 +^* ions salts the ])artial overlap of 3d-orbitals 
with O'- and n- orbitals of their surroundings is negligible. This is in complete 
agreement with the findings of Chakravarty and Chattorji (1959) and Bose et aL 

24 

(1900). Incidentally this also justifies our assum])tion that X and 'I\ cancel 
each other, 

Primarily this covalency factor should not be different for the similarly coordi- 
nated salts of Co++ ion, but there might be an appreciable cliango in it due 
to the distant atoms. In state of solution distant atom effect will be negligible 
and lienee co valency factor .should not vary appreciably. This is what has 
boon observed. 

/‘^-values give a measure of the covalent liharacter of the ions. In t;aso of 
Co^ + ion salts this is almost unity hence the stabilising energy is small compared 
to Cu+-'-, Cr++ ^- and Ni++ ion salts. As a result the secondary distortions due to 
the distant atoms on the water cluster will be very pronounced. This is also 
the conclusion arrived at by Bose and Mitra (1952) from their survey of the com- 
parative influence of short and long range fields on the magnetic behaviour of tlio 
salts of iron group. 
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AN EMPIRICAL RELATION FOR ALPHA DISINTEGRA- 
TION ENERGIES FOR MEDIUM-HEAVY ELEMENTS 
M. RAMA RAO 

Saha Inh'l’jtutr of Nuclear rHYHTcs, Calcutta, India 
{Feceivcd, Decern, her 27, 1962) 

ABSTRACT J1, ims been obsoived that for eleraentH with N > 82 and /j < 82, the 
fiiiifjyinn {(J —().G24Z) has u foguhu variation with mass numbor A, whore Q is the alpha dis- 
integration energy T\'loV A plot of {Q — 0.624^5) vs. moss numbor A is found to yield a linear 
griiTili wliicli takes np the form 0 624Z) = —0 21A—5 5. This equation has been utilised 
in eal(‘iiliii,ing the doeay energies of alpha emitters of the medium-heavy oloments. The 
agreemenl. between observed values and those ealeulutod with the help of this Ibrmulii lies 
within an average of J .*) per cent. 

INTRODUCTION 

To tlie experimentalist engaged in the search for new alpha activitios, a before- 
hand knowUidge of the decay energy of such alpha emitters is a desirable thing 
Tins mfonnation together with a reasonable estimate of the half-lives of tJie im- 
knoAvii alpha omil/ters as can be deduced from Bothc equation [cf, iSegr^ (1959)] 
relating half-life T to the decay energy E and charge numher Z, is quite useful and 
serves as a checkup on the discrepancies in experimental results 

Bctlie-Weizackcr (1036) scmi-emi)irical mass formula derived on tlie basis 
of tJu; liquid droj) model of the nucleus has been used by a number of workers 
in tile (ialculation of the alpha-decay energies. 

Pryci* (1950) calculated the alpha-decay energies from Bcthe-Wcizsacker 
formula and found that for nuclei Z M, N 128, the difference between cx- 
jierimental and calculated values of the energy is a smoothly varying function of 
the mass numher A and is expressed by the relation . 

0(obs)-0 (calc) - 4e-4a(.4 -210.6) ... (1) 

where e and a arc constants and A is the mass number. Das (1950) has also cal- 
culated the alpha-decay energies and showed that it satisfactorily described the 
observed trend m alpha-decay energies as a function of mass number. 

Bethe — Weizacker mass formula has been refined by Stern (1949) who by 
adding a correction term could obtain more correct values of energies for nuclei 
A ^ 208. Jha and Dube (1952) calculated the alpha-decay energies for isotopes 
Z — 83, 84 and 85 Avith the help of B-W formula after accounting for the Stern 
correction factor and found satisfactory results. Dube and Singh (1945) have 
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suggested other types of correction terms to the mass formula to close uj) the 
differences between the observed and calculated energy values. 

Another Semi-empirical formula, which included among other retinementH, 
empirical corrections in binding energy due to shell effects has been presented b,v 
Cameron (11)57). Alpha— decay energies were calculated using this formula 
by Macfarlane (1959) for elements between Sn and Pb and comiiared with the 
values obtained from mass data and in a number of cases the disagreement between 
observed and calculated values is very large. 

When the alpha decay energy of heavy elements was closely observe.d it was 
found that for mass numbers except in tlie neighboui hotid of Z — S2. where tlic 
closed shell effects come m, there exists a systematic dependence of the alpha 
decay energy on the number of neutrons and protons. Roger (1955) has 
suggested a formula ■ 

for nuclei beyond — 84 and N — 128. 

Utdising the same observation Varslini (195b) developed an empirical relation 
rclatmg the miinber of jirotons and neutrons to the alpha decay eneigy for heavy 
olemonts . 

g(iiiMov) = 0.4iJ-1.795(A'-ia2)i-26.208 ... (3) 

for nuclei N > 128. 

Varslini found tliat the energies calculated with the help of this formula agreed 
witli the observed values to within an average ol i3,b per cent lor tiie heavy 
elements. 

Tn so far as it has been mentioned in the earlier paragraplis a brief outline has 
been given regarding the systematics of alpha-decay energies m relation to the 
heavier elements. Prior to 1947 not much was known about alpha radioactive 
decay nuclides with mass numbers below 210. In the following years several 
invesligations were reported in the rare earth region wdth light nuclides ol the 
olemonts from Cerium to Holmium [Z = 68—67). 

Using the same formula as proposed by Varslini, Hamaswaniy (1960) lias 
redetermined the empirical constants and established a similar c(|uation lor tlic 
rare earth alpha emitters : 

Q = 0.36Z-1.19(JV-82)1~17.89 ... (4) 

for N>H2, Z < 82. 

The energies calculated with the help of this formula agreed wdtli the observed 
values to within an average of ±5.3 percent for 15 nuclides in the rarre earth 
region. 

More recently Varslini and Bhargava (1961) starting liom a different approach 
have suggested another empirical formula valid for the region Z ^ 84 and A ^ 128. 
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TABLE I 


Nuolido 

Z 

A 

0(obs) 

(Mev) 

Ref. 

(?(calc) 

(Mev) 

Q(0b8) 

-C?(calc) 

Percentage 

error 

Nd 

(iO 

144 

1 .90 

.a 

1 70 

0 20 

+ 10 0 



147 

1.04 

a 

1.07 

0.03 

- 2.8 

Pin 

61 

146 

2 31 

b 

2.11 

0.20 

+ 9.0 



147 

1 66 

u 

1 69 

0 13 

- 8 0 

Sm 

62 

146 

2.62 

c 

2.62 

O.JO 

+ 38 



147 

2.26 

a 

2.31 

0.05 

- 2.2 



148 

2.22 

d 

2.10 

0.12 

+ 6.4 



149 

1.90 

d 

1.89 

0.0] 

+ 06 

Eu 

63 

147 

3.00 

o 

2.94 

0.00 

+ 2.0 

Gd 

64 

148 

3.27 

a 

3 35 

0.08 

- 2.1 



149 

3 10 

a 

3.14 

0 04 

- 1.3 



150 

2 80 

a 

2.93 

0.13 

— 4 (i 



162 

2.21 

c 

2.5] 

0.30 

-J3.0 

Tb 

66 

149 

4.08 

u 

3.77 

0.31 

+ 6.0 



161 

3. 66 

a 

3 35 

0.21 

+ 69 

By 

66 

160 

4.35 

a 

4 18 

0.17 

+ 3.9 



161 

4.20 

a 

3.97 

0.23 

+ 5.7 



152 

3.73 

a 

3.76 

0.03 

- 0.8 



163 

3.67 

c 

3.65 

0.02 

H- 0 6 



164 

3.44 

e 

3.34 

0.10 

+ 3.0 

Ho 

67 

151 

4.60 

r 

4 69 

0.01 

+ 0.2 



162 

4.52 

r 

4 38 

0.14 

+ 31 



163 

4.46 

f 

4.17 

0.28 

-I- 6 3 



164 

4.23 

f 

4.04 

0.19 

d- 4 6 



155 

4.06 

1 

3 75 

0.30 

+ 7 4 

Hf 

72 

174 

2 56 

c 

2 88 

0.32 

-12.6 

W(?) 

74 

178 

3.16 

e 

3.19 

0,04 

- 1.3 

Pt 

78 

190 

3.2 

c 

3.27 

0.07 

- 2.2 



192 

2 60 

h 

2.86 

0.19 

- 7.1 


u — Eamaswainy (1966); b — ^Nvinnia (1962); c — ^Taagepera and Nurmia (1961); d — Karras, 
M., (1960); o — Toth and Rasmusson (1960); f — ^Macfarlano and Griffioen (1961); g — Poraclien 
and Kiezler (1953); h — Porschen and Riezlor (1966). 
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It has been shown that (^— 0.625Z) is a smooth lunction of the mass number 
A, where Q is the alpha disintegration energy. A reasonable representation of 
the plot between {Q~-0.{j'25Z) and mass number is incorporated in the analytical 
expression of the form . 

(g-0.625Z) =-364.1233 h0.80259444H 677963()/A^ 

for Z > 84 and N > 128. ... ISj 

Using this formula, the agreement between observed and calculated values 
is within an average per cent error of ^2.45. 

H E 8 U L T S 

In the present work an empirical lornuila is presented for the alpha disinte- 
gration energies for the medium- heavy elements. The formula is as lollows ; 

Q (in Mev) = 0.624Z-0.21A-5.5 ... (6) 

for N>H2, Z < 82, 

where Q = the disintegration energy in Mev, 

A — the mass number, 

Z = the charge number. 



— > A 

Pig, 1. The function (Q— 0.624Z) vb. the mass number A, 
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This iK derived h’om tlie simple eonsideration tliat the fumdion (Q-().624Z) 
has a regular variatieri -with mass number A showing that {Q — 0.624Z) decrcascK 
in a Jincai lasliion with increasing mass numlicr A. A jilot nl the points between 
(^^--O.G24Z) and mass number A lor all available data between ^ (iO (Nd) 
and Z — 7H(rt) yields a straight line graph and is represented by an ecpiation of 
the form 


{Q --0.624Z) --- -0.21^1- 5.5 

The data tiscd and their sources are presented in Table 1 . ( 

DISCUSSIONS 1 

The average pen'- cent error is -h4.6 The agreement between observed values \ 
and those (jaleulated liy the present lormula can be considered satislactory. 
Whereas the piesent foimula works nuite w'cll in the ri'gion of rare earth elements, 
its scope IS extended to milude other medium — heavy elements like HP’h 
and Pt‘«=*. 
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{RecfAVfd March 26, 1963) 

ABSTRACT. The croHH sections of scatteiing of low energy neutrons by carbon have 
boon osJculiited by tho phase ahiCt method, the complex nuclear potenl/ud is taken as of 
Woods-iSaxon form and the jjhasos are calculated with the help of a relation given by Brysk. 
The theoretical values of l-ho difforoiitial cross sections for 2 7 and 4.1 Mev noutrons agree 
fairly well compared with tho experimental hndmgs for the same given by bittle ct al , and 
Walt ife Beyster re.spectively. 

INTRODTTCTTON 

A miinbor of investigations (ITeshbach etal. 1954; Feshbach, 1958) on neutron 
— nuclous intoraiiiion have boon carried out with considoral)le success in terms of 
an optical model of the nuclous. In this model tlio interaction duo to the target 
nuclous consisting of many individual nucleons is replaced by an average potential 
well of complex nature wliicli can he used to dotermme the differential cross 
section foi elastic! scattering, its imaginary portion tak(‘S (!aro of the absorption 
due to the formation of tlie comiKuind nucleus. Most of the (jalcmlations of this 
type have been done with a square well potimiial which, though, has tlie advan- 
tage ol mathematical simplicity and of giving fairly reasonable result, is however 
unsatisfactory in predicting much larger values of scattering cross section for 
larger angles than Avhat arc experimentally found. Tlic cause of the discrepancy 
is due to the sharp edge of the potential well and as such the model has been 
modified by Woods-Saxnn (1954) Avho has replaced the sharp edge by a diffuse 
one. Various results obtained with this model having a smootlily rounded edge 
agree reasonably 'veil with experimental findings. 

The object of tho present papei is to calculate by the phase-sliifij method the 
cross section of s(!attering of low energy neutrons by l arhon; the (jonqilex nuclear 
potential is taken to he of Woods-Saxoii (1954) tyjie and the phases are calculated 
with the lielp of a ridation given by Brysk (19(52). Brysk’s formula differs from 
the Born’s relation by a factor in the denominator which for high energy be- 
comes 1 . The claim ol Brysk is tliat his relation gives more exact values of phase 
angles for energies lower than those where Born method is valid. At low energy 
of tho incident particle the contribution to the scattering cross section will come 
mostly from the first few phase-shifts. The calculation of phase shift is generally 
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difficult and analytical Holutions can be obtained only in few Hpecial cases. It 
is doubtful whether the Born approximation is valid for energies below 100 Mev, 
tlie mctliod of calculating the individual phases by tlie Born method may push 
the limit of validity a little lower than 100 Mev. But Brysk claims that the cal- 
culation of the phase angles by his method brings down the limit of validity to as 
low as 5 Mev particle energy for spherical well potential with range of the order of 
i . 0 . A/27r. His method is not very iiselul for long range potential — a limitation 
imposed by certain approximations introduced in his calculations. The Woods- 
Haxon potential being of short range nature will not offer any difficulty in Brysk j 
method. ^ 

RESULTS AND DISCUSSIONS 
The scattering amplitude is expressed by 

oa 

/((?) -1)P, (e0H6>) 

7=0 


We calculate the phases di by Brysk’s relation 

0 

CD 

- If I r^dTj,Hkr)V{r) 
tan Si = 

'•~w\ ''(’•) 

0 

where jj, yi are spherical Bessel and Neumann functions respectively, 

1c = 

H 

H being the reduced mass and E, the enorg}'^ in the centre of mass system, the 
nuclear potential V{r) is of the form as given by Woods and Saxon viz., 

V{r) = — ... (3) 

where R is the nuclear radius and a is the diffusivity parameter. 

The integrals for s-wavc phase-shift have been calculated analytically. With 

the substitution x — the integral in the numerator of the right hand side 
a 

of eqn. (2) 

f sin ^kr 
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takes the form 1/2 [ L{0)— i>(2A:)] 


391 


wlicre 


L{p) -- f/ J 


e()s^i(7?-l fia-) rf.r^ r oos,p(7i:+(/r) t/.r 


l-he" 


J 1 ■ 


Noav 


V 

. ’ - -V f"*( -)" tor )■ < R 
1-1 ^ ' 


and 


] ? =^c-'«( -)»+* for r> 


Hence lj{p) — a ^ ' (— )" | cos p(R | ax) c'“ 




n-O 


-|-a- (— T'*'^ I coa p{R-{- fix)e~^^dx 


The integrals are cloinentary and can he ovalnated easily. 
Making use ol tlio relation (ci. Bromwich, 1947) 


l+ 2 r.^yj^= - 

< 71“ -\ or am m tt 


we may finallj^ write 

j, . 2au\pR anainpR 

L{p) ^ i — — - - ^ — a > 

•p sin iKm c-^ n^-{~p^a^ 

n^l 

iSimilarly, tin? mtogral in the. denominator can bo evaluated and we have 

f sin 2/k’r coK2/c7iI . 1 , ott cos 2/fi72 , 

J ic 2k ah\k2afc7T ^2Lt n^-\-Wa^ 

0 

The infimto integrals for p- wave and d-wave phase-shifts in the numerator 
liave been split up as 

I rHr}i^kr)-j ( 1- 
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Th(^ first j/itegral is evaluated analytically anrl last two integrals have been cal- 
culatofl numcneally. The integrals in the denominator have been calculated in 
a similar way. 



OoB in C. M . ByBleni 

Fig. Difforeniinl oroBH Boction of Hcattonng of 2.7 IVTov neutrons by cai’bon 
. _ oxjDeriinontal curve 


ihooretical curve 



Cos in C M system 

Fig 2 Differential cross section of scattering of 4.1 Mev neutrons by carbon 

experimental curve 

theoretical curve 

We have to calculate the differential cross sections in the c.in. system for the 
incident neutron energies corresponding to 2.7 Mev and 4,1 Mev in the laboratory 
system. We use the values of the parameters as given hy Feshhaeh et ah (195S) 

i? = (1.15>li/3~l .4)xl0-i3 cm 
a = 0.57X10-W 
F = 52 Mev 
W — 3.12 Mov, 
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litisults of our calculation lor tan in the c.m. systcni have been given in the 
following Table lor the olaatie scattering ol 2 7 Mev ami 4 1 Mev mv.itrons by carbon. 
The chlferential cross sections for these incident energies lia\^e been eoniparcd 
with tile experimental values given by II N Little el al (IDfir)) and Walt and 
Beyster (1955) respectively. 

Energy in tan 8^ tan tan tl, 

lab system 

2.7 Mev -0 0930 |-0.0059 i - 2104 | .0033 i -.0340 1 0012 i 

4.1 Mev -0 9S3cS 1-0.0099 i -.3730 p.OOOl ? - 1092 -1 .0030 t 


Tt IS found that the experimental values of scattering cross sections for 2 7 Mev 
[larticles show a decrease with increasing angle till 90^’ and after that a litth' 
tendency to imjrt'ase, wheieas for 4 1 Mev partiebss the cioss se(4-ion decreases 
with angle ii-jito OO"" and thereafter goes on increasing, the (*xperi mental curve loi' 
the dilloirential cross secdion of 4.1 Mev particles is almost symmetric about 90" 
Our theoretical values agree iairly well with the experimental results uyito 90" 
but alter that the theory lads to show the increast^ winch is presiunably due to the 
preponderance of d scattering brought in by tlu‘ deformation of the nucleus, 
fn the energy region considered wc have appreciable compound elastic sci.ittering 
and it is very diificiilt to separate this from the total elastic scattering oliservod 
experimentally. The theoretical curves which give only the shajie elastic jiart 
o[ the elastic sciattenng are necessarily below the expi'rimental ones which include 
both the shape elastic and the compound elastic scattering. 
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ABSTRACT. iSputierinf^ yiolclH of uilver iii dolliHion with tlio ions of noblo at 

energies lium 3-7 Kev were cleLermiuod by tiaeev metliDcl Angiilai distnbiil,irin of the 
sputtorod atoms of silver was moasurod Jiesiilt.s uh' disoiisRed and eomp.iiod witli the existing 




INTIIODUOTION 


Tlui sLiidics of tlip plionomeiia of sputtoring of th(‘ solid surfaces arc' of 
(iurrcnt interest, since it gives some ideas of the meidianism of the surfai.e e.ollision 
processes hy energetic ions. 8uc]i studies of the metal surfaces are iiniiortaiit for 
optiinisirig the ion retention condition of a collector in an electromagnetic isotope 
separator and the use of the ions of noble gases gives infoimations about the 
improvement of tlie method of preparation of the gaseous isotopic targets, required 
in the experiments of nuclear physics. 

Wohner (1955) has reviewed the results of tlie experuneiitB on the sputtering 
by low energy ions. Moore et al. (1957), Brian et ah (1958), (jr^nlund et al. 
(1960), Rol el al. (1960), Yonts et al. (1960) and Wchner (1960) have given the 
results on the sputtering yield for energies below 100 kev and some of them present 
the angular distribution of the sputtered material Almcn and Bruce (1961) have 
investigated various aspects of sputtering of metal by ions of noble gases as well 
as other ions in the light of the collection problems of the isotopes. 

In the present paper, we have presented some preliminary results of the 
nieasurcnient of the sputtering yields of silver along with the angular distribution 
of the sputtered materials for ions of helium, neon, krypton and xenon at energies 
from 3-7 Kev. 


EXPERIMENTAL ME'J’HOD 

The system employed in the present experiment consists of a magnetic oscil- 
lation type arc disciharge ion source with radial extraction arrangements with 
a 3/16" diameter hole for extraction of the ions. The electronic circuits used in 
the experiment, are power supplies for the arc, filament and the accelerating volt- 
age previously described by Karniohapatro (1960). The sputtering chamber 
with the silver-1 10m target and the ion source are shown in Fig. 1. 99-100% 
pure gases are introduced to the ion source. The number of ions, on the target, 
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considered to be all as singly charged, was estimated by a current indicator and 
integrator. For each experiment with the different gases, the ion current was 
fixed at ^^IO/aA by varying the arc condition, to avoid unequal heating ol' the 
target, Avbich miglit cause variations in the total yudd. The sputtering clianiber 
was kept at a pressure '^10~®nnn Hg in course of bombardment with the aid of 
a differential pumping arrangement. 



Ji’ig 1. Schomatic diugram of the loriHOurce uiid the nputteriiig chambor, (1) 40 mil dia 
tungsten fiUinont, (2) mulybdenuni plate, (H) gas iiiloi, and eleot-rical load for anode, 
(4) graphite anode, (5) eleetneal jnsiilution (Eigun), (C) metal casing, (7) ion oxit slit, 
(8) water cooling tubes, (9) collector of the sputtered atoms, (10) silver-llOm target, 
(11) insulated flange for hlamoiit holders. 

The total activity in the collector cup was measured with a 1^" diameter 
Nal crystal scintillation spectrometer. The counts lor each collector give the 
relative sputtering yield for ions of different energy and mass. The sputtering 
yield, S, (atom per ion) at 5 Ivcv for neon ions, found by Gr^nlund et al. (1960) 
as 6.5, was normalised to that estimated hy the radioactivity in our experiment. 
This value of S at 5 Kov is reasonable, when compared to 1.98 found by Laogried 
and Weliner (1961) at 600 ev. With respect to this absolute value, S was esti- 
mated for different ions of the noble gases of various energies in collision with silver 
surface. 

The angular distribution w'as measured by the activity, with a Geiger countei', 
of the small pieces (1/16" dia) of the collector cup, cut uniformly in the radial 
direction. 

In all oases, the target was bombarded by normally incident ions and after 
each bombardment the target was properly cdoaned. 

Since the sputtering chambor was within the magnetic field of the ion source 
itself, the number of the secondary electrons from the target was assumed to be 
negligible. 
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RESULTS 

Fig. 2 sliowB the sputtering yield S elb n function of the ma.ss iiuniher of the 
noble gas ions in collision with silver. Figs. II and 4 show the energy versus yield 
curve for kryi)ton and xenon ions rc.sj)ectively. Fig 5 is the polar diagram .showing 
the angular distribution of the sputtered atoms for different ion masses at 5 Kcv. 
Figs. 6 and 7 aie the polar diagrams sliowing the angular distribution ol the 
materials sputtered by different energy ions. 



Kig. 2. Sputtoring yield, S, as a fiuiction of maa,^ ol ion for normally inoideiit 5 liuv ions 
on Bilvor-llOm target. 



Eig. 3 Sputtering yield as a function of 
ion energy for krypton ions normally 
incident on ailver-llOm target. 



kig. 4. Sputtering yield ag a fimction of 
ion energy for xenon ions normally 
incident on silver- 110m target. 


DISCUSSION 

The theoretical models, explaining the sputtering process are mainly (1) 
the theory of evaporation and the (2) momentum transfer process. 
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The velocity of the sputtered atojus, determined by VVehner (1959), mass 
dependence of the sputtering yields found by many authors and in the present 
work, tlie ejection patterns of the sputtered atoms in t-he preferential direction 
of a luonocrystal observed by Wehner (1955) and some other experimental 
results related to the sputtcM’ing phenomena cannot be explained by the eva- 
poration theory. 

The angular distribution of the sputtered materials measured by Seeliger 
and *Sommenne;\’er (1955), llrian etal (1958) and Gr^nlimd et al (1960) seems to 
follow coRjn(‘ law, so that the evaporation theory is supported. 

The results of our mcasiireineiits of the angular distribution of the sputtered 
material with the ion energy and mass are prcse-iited in h'lgs. 5, 6 and 7. The 
polar diagrams sre draw^n such that the enclosed areas m eatdi diagram are proper- 



ty g 5 l^olur djapvain of raalerial spullerod 
from silvoi-lU) iii by normally nicidoni 
Kev ions of helium, noon, kiypton and xoiiou 


Fig, (i. PoJav diagium of maloi’ial Hputtorod 
hom Hilvor-llOm by noimaily inoidont 
kiyjiton ions of diftoront energies. 



Fig, 7, Polar diagram of material sputtered from silver- J lOm by normally incident xenon 
ions of different energies. 
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tional to the relative sputtering yields. The alight asyjunietry with tlie normal 
in some* of these curves is probably for deviation fr4)m the perpcndicnilar iiniidence 
due to some mechanical misahgnment of the collector 

All the diagrams show that the angular distribution seems to be over-cosine 
in this energy range. This is in agreement with that found by Ttol ot al. (1060) 
for 20 Kv ions in (iopper or by llolmstron and Knight (1961) for argon ions in 
silver. For low energy ions the angular distribution is under-cosine, observed 
by Wehner H al. (1060). From all these findings it seems that depending on the 
energy and masses of the ions and the targets along with the orientations of a poly- 
crystalline target, the angular distribution is influenced, sinee in (;a.se of a mono- 
crystal, the sputtering prefers a closed pairlceil direction of the cryslal plane. 
However, considering all tlio observations the evaporation theory (iannot explain 
the nature of change in the angular distribution of the sjnittered matcrjals. 

Tt is difficult to compare the experimental results on the total sputtering 
yield iSf with the theoretical expectations, since the momentum theory, based on 
different assumptions and subject to modifications for different <'ases, (‘annot be 
applied in one form, but it indicates the nature of its dependence on the different 
parameters like mass, energy etc. Tn the light of the hard sphere collision niiodel 
worked out by Keyivoll (1955), Tbommen (1058), Pease (1058), Goldman ci al. 
(1058), the mass dependence of the sputtering yield can be explained 

Following the treatment of Rol et al. (1960), the sputtering yield is given by 


S = K 


1 

A ■ 


where K is a constant, M^, Hfg are masses of the incident ion and the target, E 
is the energy of the incident ions. The mean free path 

rrEhiff 

where »?„ is the number of lattice atoms per unit volume and the collision radius 


R^C . 





In 


Afg) 

(To REM^ 


as given by Seitz et al, (1956), swhore (7 is a constant, e^, the dielectric constant in 
vacuum, a^, the first Bohr radius in hydrogen atom, e, the elementary charge, 
Z] and Zg arc the atomic numbers of the incident ion and the target. 

With a simple assumption that the sputtering happens in the first collision, 
the above expression is worked out. Assuming this model to be valid for the present 
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energy range, we calculated the values of for ions of different masses and energies. 
In calculating the theoretical values of 8 the value of K was chosen to give the 
best agreement with the experimental value (=^ 5.5) for 5Kv neon in silver, 
found by Gr^nhind ei at. (1960) With thi.s value of K, the values of the sputter- 
ing ;^dcMs of silver, bombarded with ions of noble gases as a function of energy 
and masses of ions are shown in Figs. 2, 3 and 4. The comparison shows that the 
agreement is better for Xe+ than Kr+ in silver. The general discrepancy may be 
due to (1) a multiple collision process Instead of the single collision approximation 
u,sed in the theory, (2) the deviation of the value of K as shown by Almen and Bruce 
(1961) from a constant one, approximated in the above theory The major dis- 
agreement between the experimental results and the theoretical expectations lies 
in the fact that the value of S for kry^dion ions is relatively lower than that for neon 
ions, secondly, the maximum near 6 Kev in tlm sputtering yield versus ion energy 
for krypton and xenon ions cannot be explained with this model. The maximum 
near 5Kv with silver bombarded by helium and neon ions, observed by Gr0nlund 
et al (1960) is similar to our observations for xenon and krypton ions. For 
nitrogen and neon in collision Avith copper, R-ol et ah (1960) have found a maxi- 
mum for 8 near 16 Kev Tlie maximum may be explained by the two opposite 
effects of the increasing energy, one of which increases the probability and the 
other increases the mean free* path, thus reducing the probability of collision. 
Then the nature and position of such jnaximum will depend upon the target 
material and the bombarding ion. From the. few experimental results observed 
so far, such dependence cannot be uniquely established The Iowit value of S 
for krypton ions as compared with neon ions in collision with silver surface 
also cannot be explained with the theory discussed above. Further examinations 
of more such data may be helpful for understanding the process in more detail. 

ACKNOWbED(;MENTS 

Authors are thankful to Prof. D. N. Kundu for his keen interest in this work 
and to Prof. B. B. Nagehowdhury, Director, for the facilities to carry out 
this wmrk. Thanks are also due to Mr vS. Guha for his technical assistance in 
c.ourse of the experiment. 


R E K E K E N 0 E S 

Almen, C., and Bruce, O,, 1961 Nwlear ImtTummtu and Methods, 11, 267, 269. 
Brian, C. D , bindnor, A., and Moore, W J., 1968, Jour. Vhem Phys , 29, .1. 

(loldmati, D T. and Simon, A , 1958, Phys. liev ,111, 383. 

Gr0nlund, E. and Moore, W. J., 1960, Jour. Ohmi. Phys. 32, 1640. 

Holmslron, F. E and Knighl, R. D., 1961, BuU. Am. Phys. Soc, Ser II, 6 Aba. 2, 168. 
Karmohapatro, S. 13., I960, Ind. Jour. Phys, 34, 407. 

Keywell, F., 1955, Phys. Bpa)., 97, 67. 

Loegned, N. and Wehner, G. K.. 1961, Jowr. App. Phys., 32, 366, 



400 


A. V. Narasinham and S. B. Karmohapatro 


Mooro, W J , Mnan, C\ 1) O. and Lindnor, A , 1957, Anv Npio Yorl, Arad Sci , 67, 000. 
PoiiHo, \\ iS,, 19.5.5, Rppt Prog Phgs., 18, 1. 

Kol, 1*. K , I<’liiit, .J M. and Kmtomakei, J., 1960. Physica, 26. 1000, 1009. 
iSiiiMig(>i, k and Hnmmoimfynii , K , 193.5, 93, 092. 

Sail/,, F. and Koahlor, .1 S , 19'.5fl, Solid State rhynicH, Acad rioH.s, New York, 2, 
p 329 

Thoinrmm, K , 195H, Z Phgs , 151, 144 

Woliner (1 K., 195.5, AdvaneoH in Eloetroinc'! and ElcM-lron Pliywios, 7, 239, 

Woljnei, Cl K, 19.59, Pkyt^ Reo , 114, 1270 

Wolinor, (1 K and Rnsonbovg, D. 1960. Jour App Phgfi. 31, 177 

Yoiils, O. C. Noiinand, C. K. and Hamsun, D. E , 1900, Jour App Phtfs , 31, 417 



to tAe ^ditot 


The Board oj Editors null not hold itself uisponsibh for ojjiiuons expressed in the Icltew 
published in this section. The notes containing reports of new ymrlc comniniuiated for thu, 
seMion should not contain man figures and should not exceed 500 words in length The contn- 
butions must reach the Assistant Editor not later than the 15th of the second month preceding tha' 
of the issue in which the latter is to appeal No proof will be sent to the authors. 
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ON THE WING OF RAYLEIGH LINE PUE TO CARBON- 
DISULPHIDE AT DIFFERENT TEMPERATURES 

K. V. RAMACHANDRA 

Optics JOepahtment, Jndian Association for the Cultivation of Science^ (/AIA'Utta-32 
{Received April 27 , 1003 ) 

Majumder (J949) while studying the Raman spectra of carbon disulpliidi; in 
liquid and solid states at different temperatures, oliservcd a broad band at a dis- 
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tance ol 45 cin“^ from centre of the Rayleigh line due to the liquid at — 100"'0. It 
was also observed by him that when the liquid way solidified and e-ooled to — 125“(>, 
the band was replaced by two discrete lines at 59 cm“^ and 70 cm~^ lespcotivcly. 
On further lowering the temperature of the solidified mass to — ho 
fi)und the lines to shift to 69 cm~^ and 80 cm ^ respectively. From these results 
he concluded that the band at 45 c;m-^ due to the liquid at — lOO^'C originates 
from vibration in dimers formed in the hquid at low temperatures and that the 
band splits up into two lines with the solidification of the lupiid. The mean oi 
the frequency shifts of the two lines due to the solid, however, is found to be much 
greater than 45 cm“^ deduced from the inflexion in the microphotometric rec.ord 
of the spectrogram due to the liquid. Recently, Sirkar et al. (1961) used a self- 
recording grating spectrophotometer for studying the wing accompanying the 
Rayleigh hues due to liquids and showed that the disadvantage due to scattering 
by grains in the photographic emulsion in the photographic method mentnmed 
above can be avoided if a recording spectrophotometer is used. It was. thercfoie, 
thought worthwhile to investigate the wing of the Rayleigh line scattered by 
carbon disuliihide at different temperatures with the recording spectrophotoinetei 



Fig. 1(b). Wing due to carbon disulphide at — 80°C. 
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used by Sirkar et ah (1961) and to determine the position of the band mentioned 
above more accurately. 

The arrangement used to record the spectrum of the light scattered by puri- 
fied carbon disulphide at 28“0 and — 80“C was similar to that used by Sirkar et al. 
(1901) to record the wing due to benzene, but to cool the liquid to the desired low 
temperatures mixtures of alcohol and liquid oxygen in appropriate proportions 
were used as the coolant. The records of the Raman spectra are reproduced in 
Figs. 1(a) and 1(b) respectively. 

It IS seen from Fig 1(a) that inspite of fluctuations in the background intensity 
the Raman line at 653 cm“^ due to carbon disulphide excited by tlie Tig line 4047 A 
has been clearly recorded and the distribution of intensity in the wing of the 
Rayleigh line does not show any maximum. Fig. 1(b), on the other hand, shows 
a broad band at about 60 cm-^ in the wing, the sharp peak on its left side being 
due to fluctuation m the intensity of the background. The band was found to 
appear at the same place in .several records taken for the licpiid at the low tempera- 
ture. Thus the appearance of the broad band is definitely established, but its 
Raman shift is 60 cm“^ instead of 45 cm“^ observed by Majumder (1949) and the 
origin of the band seems to be a mode a vibration m dimers as postulated by 
him. 

The author is indebted to Professor S. 0. Sirkar, D.So., F.N.I., for his constant 
guidance during the progress of the work. 
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INTRODUCTION TO THERMODYNAMICS OF IRREVERSIBLE PRO- 
CESSES l)y I. Pri^?()gine, Pp. xi |-119. IiiterHcience Publiahers Ine., New 
York 1962, Second Revised Edition. Priec $. 5.00 

It is weJl known that most of the phenomena studied in different subjects 
are irreversible and cannot be treated accurateJy by the classical themiodynamics 
based on the assumption of reversible processes and true equilibrium states. 
As a conscqueiKje, the subject of the thermodynamics of irreversible processes 
has recently been receiving considerable attention from scientific workers. This 
monograph wi’itteii by one of the foremost authorities on the subject represents 
a very concise and elegant introduction to irreversible thermodynamuis. 

In chapters I-IV the basis ideas of the irreversible thermodynamics have 
been discussed and explained. The departure from the classical thermodynamics 
have very clearly been pointed out. Chapters V-VII deal with a few selected 
applications oF irreversible thermodynamics to physico-chemic-al problems. The 
only addition made in this second edition is the last chapter dealing with the 
non-linear jiroblems which will be of particular interest to research workers. 

This book will be of immense value to students and scientific workers who 
wish to have a brief introduction to the subject of irreversible thermodynamics. 
It is excellently bound but the price is somewhat high. 

{B. N. Srivastava) 
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n* <-77 SYSTEMS IN THE ELECTRONIC SPECTRA OF 
ORTHO AND PARA FLUOROBENZALDEHYDES 

IvAILASH CHANBEA and D. SllAUMA 

Devahtment of Physics, Univeesity of fJoiiAjaipim, fJoiiAKiiiHut 
(Heneioed, Nooembcr 3 , 1062 , resuhimiied April 24 , 1063 ) 

Plate— VII 

ABSTRACT. Tlu) nour ulLraviolet, absorplion spooira of orl-ho and para fluoroben- 
zaldeliydoH lia.ve bouu rccordud for the fir.si time and vibrational a,HHignmoiitH have been pro- 
popsod Tlio bands at 341)31 and 35081 cin^i have boon nwisignod as 0,0 bands of tho longoHt 
wavolongtli '^■’*'<—'71 Ry,slonjtj of oitho and jiara fluorobenzaldobydos respoetivoly The ground 
and exejtod state / undainentals obisewod in tho.se Hpocla’a liavo been (iorrolatod with tho lower 
and upjjp]- .state) fundamontal.s of otlior mono-doiivativoH of bonZtildoliydeN. 

NTRODUUTION 

The ultraviolet absorption sjieetra of bonzaldcJiyde in vajioiir phase have 
lieen investigated by Garg (1953), who has also reviewed the earlier literature. 
Among tho derivative's of benzaldebj^^de, the hydroxy bt'Tizaldohydes and ehloro- 
bonzaldehydes have drawn tlie attention of soveial workers. Morton and Stubbs 
(1941), who have studied the absorption spectra of o-, m- andp-liydroxy bcnzalde- 
hydes in vapour as well as solution phases, have shown that m tho case of tho longest 
wavelength tt* systems of these isomers the order of the shift to longi'r 
Avavelength side is o>m>p. Later Lemov (1947), Buraway and Chamberlain 
(1952), and Kao and Kao (1960) have extended tho work of Morton and 
Htubbs (1941). Chlorobcnzaldehydcs have been studied by Patel (1959) Achyiita 
Kao (1961) and Pandbyo and Vdadkar (1960, 1961). But a number of substi- 
tuted bcnzaldehydes in vapm phase still rerpiiro systematic study. It was, 
therefore, considered desirable to study the ultraviolet absorption spectra of 
fluorinated benzaldehydcs . 

Investigations of the near ultraviolet absorjition sjiectra of ortho fluoroben- 
zaldehyde and parafluorobcnzaldehyde have shown bands in the regions 3900- 
3200A, 2990-2630A, 2450-2310A, in the case of the former and 3950-3250A, 2900- 
2550^ in tho case of tho later isomer. The present paper deals with tho study of 
the longest wavelength 7r*<-7r system (corresponding to transition of 

benzene) of each isomer. 

EXPERIMKNTA L 

The neai ultraviolet absorption spectra of ortho and para lluorobeiizaldohydes 
Were recorded on Hilgm’ medium quartz spectrograph at temperatures varying 
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from 20® to 100®C. The spectrum of ortho fluorobenzaldehyde was also photo- 
graplied on large quartz spectrograph. Path -lengths var 3 ung from 5 to 250 cm 
were used. The spectra were recorded on Illord N-30 and N-40 plates. Details 
of absorjjtion cells used are described below. Slit widths of about 20 microns were 
used. A hydrogen arc lamp served as the source of continuous radiation. Times 
of exposure varied from 10 minutes to 4 hours. Iron arc comparision spectrum 
provided the standard wavelengths. IVleasuremcnts were made on four different 
plates, twice on each, with the help ol Hilger comparator having a least <:ount 
of 0.0001 cm. Calculations were made with Hartmann dispersion formula and 
wciglitcd mean values of wavelengths were taken. Band licads vere measured 
in the case of sliarp bands and centres in the case of diffuse ones. The former are 
accurate upto ±4 cin~^ and the later to ±10cm“^. The chemicals, supplied by 
Messrs L. Light and Co U. K., were purified b 3 '^ repeated distillations before use. 



t’lg 1 . Schematic diagram of absoi’iition tube. 

Figure 1 gives a scliematic diagram of the absorption cells used. Tube A, 
with quartz windows sealed at the two ends, served as the mam cell. The bulb 
B, serving as a container, w^as connected to A with the help of the stop-cock 0 
and the system e.ould bo evacuated through the side tube D. Tlie vapour pressure 
of the substance was adjusted with the help of the stop-cock. In some cases the 
absorption cell was also used at atmospheric; pressure without cvacuaLioii. An 
alternative method of adjusting the vapour in the cell was also tried by intro- 
ducing drops of liquid into tlie main cell through the side tube D with the help 
of a fine dropper. In this case the tube was not evaucated and the container B 
was kept out of contact with the absorption column. Some times this method 
was found more convenient. 

E S U L T S 

The values of wavelengths and wave numbers together Avith visually estimated 
intensities, separations from 0, 0 band and the proposed assignments are given 
in Tables I and II for ortho and para fluoro-benzaldehydes. Fig. 2, Plate VII 
gives enlarged reprodu(;tions of the spectra obtained in the region of this system 
for (a) ortho and (b) para isomers. The experimental conditions and the general 
disposition differ for each isomer and hence these are discussed individually. 
Orthoflmrobehzaldehyde ; 

Bands lying in the range 2990-2630A represent the longest wavelength 
system of this isomer (Chandra and Sharma, 1962). These bands are 
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2(|Q0 nm 2«O0 2900 



S|. 

Fig. 2. Absorploin spcclra of '7r <— tt system of (a) ortho lluoiobenzalcichyde and (b) para fluorobcnzaldchydc 
In (a) all the three spectra have been obtained under similar conditions except the amount of vapour which 
was larger in the case of the central strip. In (b) the central spectrum is at 100 cm pathlength and 
reduced prcs.sure while the upper and lower parts arc with 50 cm. pathlength and atmospheric pressure 
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sharp and. degraded to red. The general absorption in this region takes place 
even at room toinperatnrcs and 25 cm patlilength at reduced pressure. Tlie 
amount of vapour in tho absorption e.olumn w^as adjusted as described earlier and 
spectrograms, using path lengths of 10,25,50,100 and 150 cm, were taken at tem- 
jieratures of 20° and 80“(^. Fig. 2(a) is the spectrum ol ortho fluorobonzaldehyde 
using a path length of 25 cm at room temperature (~20'’G) and atmospheric 
pressure. Tlie central strip is with 3 drops of the liquid lu the absorption coll, 
while the lower and tho uppei- strips were photographed with 1 drop. 

Parn flnorohenzaldehyde * 

The bands lying in the region 2880-2550A represent tho corresponding system 
of this isomor. TJiese bands are rather sharp and are degraded to reil, but they 
are weak as compared with those of ortho fluorobonzaldehyde. Tho spectra were 
photographed at different path-lengths varying from 10 to 150 cm, at room 
temperatures and under normal as well as reduced pressures. Tt was observed 
that the maximum number of bands to shorter wavelength side of the 0, 0 hand 
were recorded using 50 cm path length at room temperature and normal pressure 
(upper and lower strips, Fig. 2{h)) whereas a patlilength of 100 cm at reduced 
pressure was required for the bands to longer wavelength side of the 0, 0 band 
(central strip). 


ANALYSTS AND DISCUSSION 

The ortho fluorobenzaldehydc molecule belongs to the symmetry class 
the only symmetry element being tho molecular plane containing all tho atoms. 
Hence there are only two types of electronic and vibrational levels, those symmetri- 
cal and those antisymmotrical to the molecular plane Tho electronic trusition 
involved in tho spectrum is of the allowed type A'<— A'. The transition moment 
lies in the plane of the molecule. Tt is to be exijccted that the 0, 0 band (tho 
pure cloctronu! transition) should be present in the first group of bands towards 
longer wavelengths, and tho strongest band at 34331 cm“^ is assigned as tho 0,0 
band. The seperations 135, 202, 340, 505 and 846 cin“^ respectively of prominent 
bands (with visually estimated intensitios 5, 3, 1, 0, 0 re,spoctively) from the 0,0 
band towards longer wavengfch side have been assigned as ground state fundamen- 
tals. It may be remarked that some of these frequencies have also been 
observed in tho less developed 2450-2310A system of this mfilecule. One observes 
towards the violet side of tho 0, 0 band a number of strong bands with intensities 
4, 4, 6, 5, 6, 5, 5, 5 and 6 respectively. The separations of these bands from tho 
0,0 band give tho frequencies of vibration in the upper electronic state of tho mole- 
cule. These arc 121,189,325,468,776, 962,1101,1166 and 1242 cm-h As 
can be seen from Fig. 2(a), the overtones of these fundamentals have got the intensi- 
tios in decreasing order as expected. Table I gives the interpretation of all the 
bands in terms of the fundamentals in the upper and lower states. 
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TABLE T 

Ultraviolet absorption bands of o-fluorobenzaldehyde 


Wave 

iiiimhor 

(*') 

om“-* 

Kelative Intensity 

I’ath-lotigtli 25 cm 26 cm 
'remperaiure 23°C 20"C 

hiquid 1 drop 3 drops 

25 cm 

80°C 

1 drop 

Bill ft from 

0,0 band (A*') 

orri“i 

4-ssignmon!- 

J 

:]:U8G 



1 


- 846 

0-846 \ 

:13533 



0 6 


— 798 

0-846 + 50 

33679 



0 


— 652 

0-605-2(71) 

33757 



0.6 


- 674 

0-505-71 

33R2G 


0 

1 

0 6 

- 606 

0-505 

33924 


1 

2 

1 

- 407 

0-2(202) 

33991 


1 

4 

2 

- 340 

0-2(172); 0-340 

34065 


2 

2d 

1 

- 276 

0-202-71 

34121) 


3 


2b 

- 202 

0-202 

3415!) 


6 


- 

- 172 

0-135-38 

34196 


i) 


4b 

~ 135 

0-136 

34260 


7 


- 

- 71 

0-840 1-776 

34293 


- 


2d 

- 38 

0-606 + 468 

34331 


10 


10 

0 

0,0 

34387 


5 


8 

[- 56 

0-1-189-135 

34452 


4 


4 

-b 121 

0+121 

34620 


4 


5 

+ 189 

0 + 189 

34696 


4b 


4b 

1- 265 

0 + 468-202 

34656 


6 


8 

h 325 

0-1 326 

34713 


4d 


2d 

1 382 

0-1-326 1 56; 0+2 (189) 

34763 


4 


- 

+ 432 

0 + 468-38 

34799 


5 


6 

+ 468 

0 + 468 

34866 


2b 


4b 

+ 626 

0 + 468 + 50 

34923 


2b 


3b 

+ 592 

0 + 468 + 326-202 

34978 


2b 


3b 

H- 647 

0 + 2 (326) 

35040 


3b 


4b 

+ 709 

0 + 776-71 

36107 


6 


7b 

-|~ 776 

0 + 776 

36163 


3 


5b 

+ 832 

0 + 776 + 66' 
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TABLE I {contd.) 

Ultraviolet absorption bands of o-fluorobenzaldeliyde 
Jlelaiive Intonaity 

Wavo Slultfioni 


number Pai-ii-lonptii 
(j') Temperature 

cm^J Liquid 

26 ein 

23 

1 drop 

26 cm 

20‘*C 

3 drops 

25 cm 

H0"C 

1 drop 

0,0 baud (Ar) 

nm~r 

Asaigiinioiit 

35226 

3b 


4b 

-1- 894 

0+962-71; 0 | 1242-340; 






0-|‘2 (408)-38 

36293 

6 


7 

1 962 

04 962 

35361 

3 


- 

+ 1030 

0 + 1101-71 

36432 

6 



+ 1101 

0 1 1101 

36497 

6 



+ 1100 

0 + 1100 

36673 

6 



+ 1242 

0 1 1212 

36026 

4 



1-1296 

0-1 12421 60 

36694 

3 



-1 1303 

0 + 1242 + 121 

35763 

3 



+ 1432 

0 + 902 + 468 

36824 

3b 



+ 1493 

04 1166 1 326 

36897 

5 



+ 1666 

0 hl242 f325; 0-12 (776) 

36969 

0.6 



+ 1028 

0 + 66-1- 1242 +325 

35997 

0.6 



I 1600 

0 1-2 (770 + 60) 

30014 

0 6 



H 1083 

0 1 1242-1-1214 326 

30071 

3 


4 

+ 1740 

0 + 2 (776) + 189 

30173 



Jb 

+ 1806 

0 1-2 (962)-136-38 + 66 

30205 

0.5 


lb 

-1 1874 

0-M242 1 326 + 121 1 189; 






0 + 2 (]101)-340 

36270 

1 


5 

+ 1 945 

0 + 1242-1 2 (189) +326 

36360 

1 


3 

+ 2019 

0-1-2 (776) + 468 

30405 

1 


3b 

-1 2074 

0-1-2 (770) + 408-1 60 

30464 

J 


3b 

+2133 

0 1-2 (1101)-7] 

3063R 

4 


6b 

+ 2207 

0 1 2 (1101) 

36600 

1 


4b 

+2209 

0 + 1101-1-1160 

30674 

] 


4b 

+ 2343 

0 1 2 (1166); O-I 326 + 776 






4 1242; 0 + 3 (776) 

36739 

1 


4b 

-1 2408 

0-1 2 (1242)-71 

36807 

0 


4b 

+ 2470 

0-1-2 (1242) 

30860 

0 


6 

+ 2636 

0 -1-2 (1242) -1 60 
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TABLE T [contd ) 

Ultraviolet absorption bands of o-fliiorobcnzaklcjiydc 


WilVG 

numhci' 
(p) cm J 

Ucilii(ivu (iitcfisUy 
I’ulli-lcnL'tlt 25 i‘m 25 cm 

'romporatui'c 23“(' 20''(' 

Liquid Idiop 3 divjpn 

25 cm 

.S0'’C 

1 diop 

Sliifl. lium 

0.0 bund (Av] 
cm-i 

ytHHigument 

:3G9:}3 


0 

0 5 

I-2G02 

0-1 2 (1212) + 121 

37005 



1 

1 2074 

0 1 1242 1 .325 + 1101 

37000 



2 

-1 2720 

0 1 2 {l242) + 2 (121) 

37J33 



2 

-1 2802 

0-1 3 (770) 1 468 

371 SG 



1 

1 2855 

0 -1 3 (770) I-4CS + 50 

371147 



1 

+ 2010 

0-1-3 (770) 1 408 1-180-71, 

0 1 3 (770) I 108 1-121 

37320 



2 

-1 2080 

0 1 3 (770) 1 468 1-180 

37373 



1 

! 3042 

0 1 3 (770) 1 408 1-1 SO f 56 

37130 



lb 

+ 3108 

0 1-4 (770) 

37508 



2 

1 3177 

0-1 2 (1242-1 325) + 12l-71 

375fi] 



11 ) 

-1-3250 

0 + 2 (12-12-1 .325) 1-J21 

37039 



1 

1-3308 

0 f3 (1101) 

37705 



1 

1-3374 

0-1-2(1242-1 121 1-32.5); 

0 1 1 (770) 1-468-202 

37770 



1 

-1 3130 

0-1 2 (1242 1-121 -+ 325)-f 50 

37832 



1 

-1 3501 

0-i 3 (1166) 

37800 



] 

+ 3508 

0 1 3 (1 I01)-l 408 -202 


li — hi’otid, rt — •diffu.sG, bd--broad and dilluHo 


To a first approximation para fluorobciiz;aldohyclc moleciilo reduces to 
.symmetry from of benzene. Under tlie reduced .symmetry the transition 
*li, with tJie transition moment in the plane {YZ) of the molecule and corres- 
ponding to tJie forbidden transition R benzene, becomes allowed. It is 

thus expected that the s])ectra of this isomer should .show the characteristics of 
an allowed transition The strongest band at 35981 cm i.s consequently identi- 
fied as the 0,0 band. The shifts 190, 344,389,541,796,1141,1191,1230 and 
1492 cm~^ of the prominent bands (with intensities 4, 5, 5, 5, 6, 4, 8, 5 and 8 
respectively) towards shorter wavelength side of the 0,0 band are easily identified 
as the upper state fundamentals. The separations 140, 193, 375, 416, 636, 856 and 
1161 cm-^ of bands (with intensities 5, 5, 1, 2, 1,1, and 0.5 respectively) towards 
longer wavelength side have been taken as the fundamentals of the ground state 
for this molecule. A satisfactory explanation of all the bands, which is plausibly 
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consistent with the intensities, is given in Table 11 using tlie above values ol’ the 
funclanicntals. 

It IS mteresling to observe (vide 'Fables J and II) tliiit the intensities of 
oi bands go on deei easing as one goes to longc-r wavebnigth side ol the 0,0 bands 
in each of tin* t^vo sjieetra uud(*r investigalion. Tins variation is as expeeteil 
because tlic bands should slum a deiirease in iidensii-y ni viev^ of the Boltzmann 
factor since quanta of higlier energy in tin* ground state aie involved in absorption. 
On examining the bands to tlie shorter wavehiiigth side of the 0, 0, bands one 
observes tliat the bands involving fiindainentals or overtoiU'S in the excited state 
are very nuicJi strongi*r than combination liands. These observations sliovv that 
the assignments are correct, 

Talile Iff gjv(is a compaiison of Ihc fuiulamentals of ortho and para fliioro- 
benzaldeliydes witli tlu* lundameiital fiequencies of other sulistiLuted benzalde- 
hydes. Tlu*- modes ol vibration of these fundamentals have also been suggested 
One observes tliat the values obtained lor o- and p-liurolienzaldeliyih's arc of the 
correct order ol magnitude. Of these fundamentals, the excited state fundamentals 
1212 and 12110 cm~^ ol o- and ^i-fliiorobenzaJdeliydes res]jec,tivcly arc ol particular 
interest, 'fhey arc iiK'dium strong prominent Irecpiencj’es combining vitli n 
number of other lundami'iitals in explaining the bands. The freciuemy 1242 enr ^ 
gives its oveitone. 'fhese liecpieiicies in view ol tlieir ap])earanc(‘ and (‘ombiinng 
power, seem to be totally synuiu'tric. As can be seen from Table IJf, they fian 
be assigned as — C 0 stietchmg vibration corresponding to IMIO em“i of 
benzmie. This lienzi'ui*- vibiation hovever reduces to totally symmetric vibiation 
in the case of (\ symmetry and nontotally symmetric vibration m the casii of f 
symmetry. Hence bands corresponding to 12110 cm * of jiaia llurobenzaldi‘hyde 
(^ 2 ,, symmetry) shouhl be weak rather than medium strong. The absence ol fre- 
quency corresponding to it m tlie case of yi-chloio-benzaldehyde thus seems to be 
justified, llao and fSponei (1957) have given 1320 and 1335 enr^ as lower state 
frequencies corresponding to — (J—F stretching vibiations in the case ol 1, 2,4, 
triflurobenzene and 1, 2, 4, 5 tetrafluorobenzene. The corresponding excited 
state fundamental is 1274cni-^ for 1,2, 4 tiifluorobenzene. We expect a fre- 
queni^y of this order in the present case and consequently tlie cxidted state fre- 
quencies 1242 and 1230 cm’ ^ of ortho- and para-fluorobcnzalflchydes resjiectivcly 
can also be mterprcited as the - C—F stretching vibration. Tins equality of the 
stretching and --C— F stietching frequencies explains the medium 
strong intensity of the bands corrcsjiondiiig to 1230 cm- ^ in para fluorobenzal- 
dehyde which sliould lie weak if they are assigned f,o - C- C stretching vibration 
alone. This explanation is plausible in view of the ract that the — C— F stretching 
frequencies in other derivatives of benzene are of the same order— p-fluoroanisole 
1280; m~~ and jo-difluorobenzene 1209 and 1250 respectively; o-, m-, and p-£luoro- 
toluenes 1230, 1201 and 1229 respectively; and o-fluorochlorobenzene 1249 cin-i. 
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TABLE II 

Ultraviolofc al)sorptioii bands of p-fluorobenzaldehyde 


U^ilVO 

iiumbo] 

[P) 

Itolativii liiLfinsity 

PuLli-leiiglJi 100 cm 50 ern 

Piesfluro Iledticocl Normal 

8hifl f 1 om 

0,0 band (Ar] 

om~3 

1 Agsigiuncnt 

34H2() 

0 5 


-1101 

0-1161 

35025 

0 5 


-- 050 

0-416-859 1-344-33 

35J22 

1 


- 850 

0-850 

362 1 0 

0 5 


- 771 

0-636-140 

36346 



- 630 

0-636 

35380 

i 


- 592 

0-4 (140)-33; 0-375- MO- 

354«!] 

0 5 


- 512 

0-375-140, 0~850^ 311 

356G5 

2 


- 416 

0-416; 0-3 (140) 

35006 

1 


- 375 

0-375 

3663 1 

0.6 


- 350 

0-280-78, 0-850 1 541-33 

35064 

J 


- 317 

0- 376 + 51, 0-850 f541 

36701 

5 


- 280 

0-2 (140) 

36750 

rj 


- 231 

0-2 (140) 1 51 

36788 



- 193 

0-103 

36841 

5bd 

0 5 

- 140 

0- 140 

36003 

6bd 

J 

- 78 

0-78; 0-416 | 344 

35948 

6b 

- 

- 33 

0 375+344 

35981 

10 

10 

0 

0,0 

36032 

4 

- 

+ 61 

0 + 100-140 

36063 

5 

0 5d 

1 82 

0 ! 344 231-33 

36171 

7 

4 

1 190 

0 1 190 

30251 

4 

0.5 

1 270 

0 1 190+82 

36325 

4 

5 

-h 344 

0 1 344 

36370 

4 

5 

-b 380 

0 1 389; 0 1 2 (190) 

36522 


5 

+ 541 

0 1 641 

36576 


0.5d 

+ 596 

0 + 041-1 51 

36736 


2 

H- 766 

0 + 344-1-389 + 61-33 

30777 


6 

+ 790 

U + 796 

30832 


2 

4 851 

0 + 796 1 51 
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TABLE II {contd.) 

UltraviuJet absoriHion bands of i^-fluorobonzaldehydo. 


Wave 

number 

(^) 

cm~i 

Jiolutive Intensity 

Path-longth 100 cm 

Pleasure Keducod 

60 cm 
Normal 

Shift from 
0,0 bund 
(Ar) 
cm-i 

AsHigmuent 

:i6933 


2 

+ 952 

0 + 1141-193 

36067 








-|~ 986 

0+796+190 

36977 








d- 996 

0-1-1 141-140; 0 + 996 

37030 







0.5 

H'1049 

0 1-996 1-51 

37087 







4 

+ 1100 

0+1141-33 

37122 







4 

+ 1141 

0-1-1141 

37172 







8 

+ 1191 

0 + 1191 

37211 


r> 

! 1230 

0-1-1230 

37260 








+ 1288 

0 F 1492- 140-2 (33) 

37364 


6d 

+ 1373 

0+1101+ 190 

37473 


8 

+ 1492 

0 + 1402 

37519 


4 

-1 1538 

0+1492-1^61 

37662 


6 

-1 1581 

0 + 1191+380 

37710 


2 

+ 1729 

0+1492-1-100-1 51 

37755 


1 

H 1774 

0+1230+541 

37815 


2 

1-1834 

0+1402 + 344 

37863 


1 

-1-1882 

0 + 1192-1 344 + 51 

37909 


1 

+ 1928 

0-1 1191 -1-314 + 389 

37964 


2 

+ 1983 

0 1-1 101 +796 

38009 


2 

+ 2028 

0-1-1230 + 796 

38212 


2 

+2231 

0 + 1230 + 996 

38265 


4 

-1 2281 

0+2 (1141) 

38310 


3 

-1 2329 

0 1 lMI + 1191 

38364 


4 

+2373 

0 1-2 (790 + 389); 0 + 1230 + 1141 

38404 


2 

+2423 

0 + 2 (706 + 389)1-51; 





0-1-1230+1141-1-61 

38605 


2 

+2624 

0+2 (l230) + l90-78 + 51 

38661 


2 

+2680 

0+1402 + 1191 

38705 


3 

+2724 

0 + 1230 + 1492 

38745 


2 

+ 2764 

0+2 (1191 + 190) 

38789 


1 

+2808 

0 + 2 (1230) + 344 

38943 


J 

+ 2962 

0 \ 2 (796 ■l-389) + 51l-l-51 

39064 


2d 

1-3073 

0-1-1492-1-1191 -1 389 


b — broad; d — diifiise; bd — broad and diffuae. 



TABLE III 

Fundamental frequencies of ground and excited state of monodenvatives of benzaldeliyde. 
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-out of plane bending vibration, 
-in plane bending vibration, 
-stretching ^nbration. 
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TABLK IV 

►Shift of 0,0 hand towards longer wavelength side of nioiioderivativos 
ol boiizaldehyde with rospoot to 0,0 band of Ijonzeno 


JiSiimor 

Orlho 

iM ot-ii 

roll'll 

Molernle ' ' 

oni-i 

cm 1 

cini 

t '1 u 0 1 ( ) -honziildel lydo 

3758 


2108 

( Ih loro- henzaldoiiy do 

4621 

4298 

2968 

Bronio-])enzaldoliydo 

4767 

1120 

:i06({ 

] 1 ydroxy-bon/aldoliydo 

9829 

5757 

2838 


In the end it will not ho out of plaee if something is said ahont tlio shill, of 
the 0, 0 hands of o-, and ^-isoiniTs oJ dulorivati ves of hmizaldeliyde with 
respect to the 0, 0 hand of henzene It shows that tlu* slult from ortho to para 
in the (;ase of Onoro-honzaldohyih^s is in keexhng Avitli the ohsei'vatioiis ol’ other 
workers in ease ol other derivatives of henzaldehyde, TJiis shift is 
as expc(;ted tor iho diderivatives of benzene having one suh.stituent as ortlio- 
jiara directing and tlie other as iiieta dirce.ting grouj). ft has been observed for 
a numhei of ^i-fluoro substituted benzenes that if the spectral shift produced by a 
first substituent is ortho-para directing then a red shift is xirodiiced by the [lara- 
sn hstitnted fluorine (Cooper J 953). On the other hand if the specf-i al shift firoduccd 
by a first substituent is ineta directing then a violet shift shoidd he xjiodiiccd liy 
the jiara substituted fluorine, lor example, the shift in tlic! 0, 0 band of p-fliioro- 
benzonitrilo with re/Sjiect to the 0, 0 band of benzonitrile is 100 ein' ^ towards the 
violet. In the present investigations this shift of the 0, 0 band (35981 enr^) 
of p-lliiorobenzaldehyde with respect to the 0, 0 band (35201 cni'^) of benzal- 
dchyde is 780 cm~^ towards the shorter wavelength side. 
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INDIRECT SPIN COUPLING IN NiAS TYPE MAGNETIC 
COMPOUNDS* 

K. P, SINHA, M. K. SINHA^^ anu IT. N. UPADHYAYA+ 

NaTIOKAIj (-IIEMICAL LaUOUATOTIY, TooNA-H 
(lieceivcd, Dvcemhcr 20, \ ^^2; Rebuhmiited on Apul 10, lOOJl) 

ABSTRACT. A thooreijcal wtucty of t-he si)in coii])ling in tho mngnolic compounds 
crystiilliziiig wil-h NiAs structuro is made following the spin polarization iiKiohanisin develojiod 
oarlior. P\ir ihis juupoao, a soven centre unit of the oiystal. i.o , n trigonal ])riHm with the six 
magnetic ions at the coi’nois and tho anion at the coutio, is olioson Siiu’e this incchamsm 
operates through tlie empty orbitals of the system, ci-yatal field calculaf ions for the empty 
orbitals on the eeiitiul ion (excitation model) and empiy orbiiiils on Ihe niotal ions (charge 
transfer model), iiro earned out. A somi -quantitative estimate of fho A-O-B, A-O-fl and 
A- 0 U intoractiojiH (avIipio A, H, f!, D rei)ip.sont the magnetic ions at tho various oornors of 
the trigonal prism and 0 sfiands for the anion at the centre) on this mechanism gives lesults 
in goneial agreomont willi the obsoived magnetic behaviour of tho systems. 

T N T K 0 D V C T X ( ) N 

Magnetic compounds crystallizing with NiAs structure jirosont a difficult 
S 3 ^Btcm for tlieoretical studies of magnetic indirect exidiange interaidion (Kramers 
1934) While some compounds are antiferromagnetic (c.g. CrS, CrSe, MnTc, 
drSb, ('.tc ) others exhibit ferromagnetic ordering (e.g OrTe, MnAs, MnSb) (Lotger- 
ing and Gorter 1957) Tho previous predictions (Anderson 1950) that cations 
liaving less than half filled d shells will couide ferromagiictically via the anion do 
not fit with the above systems (c.g. GrS and CrTc assuming that in both Cr has 
configuration). Similar difficulties arc encountered when one attempts to 
rationalize such systems with the help of some recent suggestions (Anderson 1969, 
WoUeii ]9t)0.). 

In what follows, we study the spin couphng in these systems on the basis of 
mechanisms recently developed by one of the authors and co-workers (Koide 
and Sinha 1959, Koide, Sinha and Tanabc 1959) and applied to different types of 
structures (Sinha and Koide 1 960, Sinha 1961 , Sinha and Sinha 1962). In essence, 
the mechanism takes into account the spin polarization of tho anion electrons and 
the delocalization of the cation electrons operating through the agency of an 
ortho-normalized set of empty orbitals for the unit chosen with respect to the 
occuified anion and cation orbitals. For actual calculations, however, only a few 

♦ Commiuiication No. 1)21 from tho National Cliemical Laboratory, Poona-8 (India). 

I C.S.I.R. Besearcli li’oUowe, 
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I'xciiofl low lying orhiialR arc considered in that others will not he important 
hccaiiRe ol' large energy denominatorB. 

C no ICE O l<’ THEOriETTOAL MODEL 

For i-liis purpose, first a brief description of NiAs typo structure is in order. 
Thc‘ striictui’c is h(‘xagonal (rOg/nnuc or with each tyjie ol" atom surrounded 
by six of tlie other. anion or metalloid (e.g 8, Te or As) is surrounded by six 

niel.al ions ((‘.g Cr® ' or Mn^') at apices of a trigonal prism. The metal ion, 
oil tlie other hand, is surrounded octahedrally by six anions which arc tlie imme- 
diate iieiglibours with two metal ions wliioh are relatively (doser tliaii other metal 
ions. 

Tlie appropriate unit for describing the cation-cation and <!ation-anion-cation 
interactions Joi this system seems to be one trigonal piism witJi the metal ions 
at the corners a^id the anion at the centre. The unit chosen is shown in Fig. 1 . 
The point sviumetry group of this unit is D^f^. Likewise for the cation, the 
point symiiKdry group is a suiierposition ol octaluslral (due to six anions octaliedral- 
ly co-ordinated) and the axial symmetry (owing to the presence of two cations one 
abovt' and the othesr below lying on the <IJI> axis of the octahedron defined 
by the anions). In classifying tlu* atomic orbitals of the amon and cations vn' 
shall make use of the crystal field pertaining to the appropriate point symmetry 
groups as dcscribed^above (Fig. 2 for cation surrounding) 



Kig. 1. Coomotry of t-lio model chosen. 
Open circle repiosonts union or metalloid and 
full circle a inotal ion. 



Fig. 2. UiHiDosition of the amon ocinhodron 
and the two iiourest neighbour metal ions 
around the central lon. 


For the classification of anion orbitals (e.g. To, Se, S) in the appropriate sur- 
I'Oiinding the outei’most shell is taken into consideration i.e. ns^ n2)^ (the orbitals 
in (w— 1) shells downwards will be treated as constituting the ion core). The 
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cluBcripLion is not convenient for the present iimt and Jieiico ve luive 
to take into account Llie hybridisation ol sp orbitals, if ve itonsider the z axis 
as the hue [jassing tlirough the anion 0 and normal to the planes (h'iined by the 
tliiee cations above and below, then the following chi)ice ol oibitals seenis appro- 
priate : 2h and the three trigonal orbitals (T,., o-^, given by, 


0-1== . 


- (1) 

CTg = 


... (2) 

"■.1- ' 

v/a 

... (3) 


J he advantage of the abovii <;hoiee is that each of the tr' ,s points mid-way 
towards the two cations lying on the vertical edges of the tiigonaJ (jiism (e.g. Ail) 
with passing through the principal axis ol symmetry. Thus the outei iih‘e.- 
tronic conliguiation coiiHidcrcd hero aniouiils to p^^ cr.^ in view of the 
eej[uivalence ol o-^ and (Ja^ wo shall choose only one ot these orbitals along with 
yij 1 0 . tli(^ coiiliguration npJ^ n(Ti^ lor describing the sxha coupling in tbe subse- 
quent calculations. 

Wo now considcj' excited oibitals for an electron centred on the amon and 
moving in its field as w/ell as the field of the eations at the corners ol tlui trigonal 
prism. For this purpose, one eleijtron of the anion is assumed to be promoted 
to excited orbitals, the eneigios <»f the various orbitals being calculated as in an 
atom under the inHuenco of the (ir^rstal field. To fix ideas, leL us first consider 
the iiossiblc excited orbital conliguratioiis for the ions , ISo^~ and Te“ For 
aS'^“ the occupied outer sliell configuration is 3.S‘“ and lienee tJic low lying 
excited orbitals to be considered on tliis ion are 4,v and 'M. Likew'isc', for Se--, 
with outermost filled shell structure 4jti® the possible cmjity oibitals are 5s 
and ^d. On the otlier liand, for Te‘^“ with 6s“ 5p'’ tlie possible excited empty 
orbitals mil be 6s, 4/. Of those, the d and J oibitals wull undergo sphttiiig 
under the influence of the trigonal crystal field. A rough estimate of tliis 
will he given now. 

For the point group the expression of the crystal filed is given by (Low 
1960) 

1 y-^)+ (4) 

wliere d’s and ^’s arc the coefficients and F’s arc the iioniialized spherical harmo- 
nics. The coefficients for each system were determined by evaluating the expres- 
sion given by Low (1960), the cations at the corners bemg treated as positive point 
charges. The effect of the first term in (4) is to give a constant shift of all the 
orbital levels. The other terms do not effect the a orbitals. The orbitals which 
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are most effected are the d and /. The splitting of empty d orbitals for S^- and 
Se“ “ is shown in Fig. 3. A similar calculation for 4/ empty orbitals on Te““ yields 
the level scheme as shown in Fig. 4. 

'^x(x-3y*) (A',) 

TxlBz'-y") (E’) 
■^(x-y*) (E‘‘) 

(A") 


%(>x-y*) (A'e) 

Fig. 3 Levol Hchomo for a 3d electron m Fig. 4. hovel Hohomo for an f electron m 
crystal Hold wi(.h 73,,^ H5rinmotry. 

The splitting of the cation occiijiied and emiity orbitals (e g. for Cr^+ or Mn‘^+) 
are determined for an octahedral field due to six anions and an axial field due to 
two cations lying on <1 1 1> axis (i.e. z) one above and the other boloiv. The 
crystal field is expressed as 

y=r,+ v^ ... ( 5 ) 

T'or the case of # type ions (e.g. Cr2+ or Mn“+) one can calculate the splitting for 
a positive d electron hole in d^ configuration. The level scheme calculated on 
this basis turns out to bo as shown in Fig. 5. 



Fig. 5. Level schome for d olocLioii of a d^ ion placed in tho crystal field oisymmotry of tig. 2. 

Thus for a weak field case the four electrons of # typo ion will be distributed 
in tho low lying orbitals d^y dx~ — ys, rfy* and the hole will exist in the upper 
d^l orbital. For # ion (i.e. Mn-*''-), all the orbitals will he singly occupied. 

Further among the low lying empty orbitals for d^ (e.g. Mn®"*) ion i.e. 4s 
and 4^1, calculations based on the potential given by oq. (5) shows that the 
pi orbital is depressed whereas and Py are pushed up, the s orbital being un- 
affected by the axial field. 

As suggested before (Koide, Sinha and Tanabe 1959, Sinha 1961), the excited 
orbitals which are involved in the electron transition in the present mechanism 
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urti selected both on the 'excitation model’ as Avell as '{-liarge transfer model’. 
The, orbitals on the, anions wincli are made available as a resnlt «>1 crystal lield 
depre\s,sionK constitide tJie oj bitals accoiding to the excitation model. 

Tn the charge iransfer nuidc^l, \vc lake sncli linear combnuitions ol the empty 
cation orbitals ((\g. etc. on rZ‘ tvjic ions and p,, s etc on fvp<‘ ions) AvlncJi 

belong to the vanou.s irreducible rejaescntations of tlu‘ point ssimm'try group 
ol the, unit chosen For the bigger .stueii ceiilrc sysUon (sec ]<^ig, 1) oni* has lo 
clas&ily siicli oibitaJs basi'd on the ])ojiit group /A,;, Ilowi'vcr, the calculations 
for a ten elechon system loi this nml, (i lour eli'ctrons b’om tlie central ion and 
one each from the lations) uill becoiiu' unwieldy AV(‘ shall, theiefore. study 
the interactions between the various ions separately, namely, A-B, A-(1 and A-D 
via the larntral ion (.see Fig 1). A>'(‘ shall cla-ssil'y siieJ) orbitals I'or i‘aeli die.atio- 

nio umt aeeording to tJie relevant symmetry element pii'seiit. 

In Ihe, ca.se ol sy.sleiiis such a.s (k’S, (!rSe, (k'Te, th(‘ empty orbitals on the metal 
ions aie of evim symiiietry namely , and V'ill be denoted by d/,, vlunv h stands 
for (rr, h, (\ d, ele.). Tlie a[)pi iqinate molecular orbitals foniu'd foi (‘aeh di-cationie, 
unit Avill be orthogomihzi'd with n‘spect to the Po(“ 'P') o'„(— cr,) orbitals of 

the, contra! ion. 

T’hus for A-B unit we- have 


Ml) - {da+d, ... ( 7 ) 

<Pu{d) - {da-d, ' 2^) ... (8) 

Avhe,Te the symmetry element is taken to bo th(‘ reflection in the .r/y plane, passing 
through the central ion; (j and u stand lor evmi and odd lespi'ciively and 

SfjP' = <C. I O'y ~ {d^^\pQ r-^ ...(b) 

are the overlap integrals. Owing to overlap eoiisiderations, tlu^ role ol orbital 
is not ex])cctod to bo important in the .study'' of A-(l and A-TI interactions. These, 
interactions will therefore be considered through the orliitiil of tlie central ion. 
The niolt'cular orbitals for other units can be ()xpress(.d in the same manner. 

Ill what follows, W'e first present the formal theory and then consider the 
specific e-ases in the, subsequent sections. 

V O R M X) L A T 1 O N OK [ N T F J! A 0 1’ I 0 N M K ( IT! A N T S M 

For each tyjie of interai tion under study, Ave choose a “three centre and a six 
electron” system rojiresentod by M^OM, Of these, four electrons belong to the 
central ion and arc assumed to exist in the configuration p\(t\ Further, we 
consider one representative electron irom each magnetic ion and Mj, and the 
resjiective orbitals are, denoted by and u.,. The orbitals may be taken to be 
3 
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cither dx-i—y^, d^y or dy^, d^^. Two possilulitiea might exist; under reflection 
in the jAane hiscniliiig normally the line joining the two metal ions or any appro- 
jnicite rotation hy 180'’ vro may have 

R It 

Ui< — ►Mo, or < — > —u^ ... (10) 

wjth R standing for th(‘ approi)riate symmetry o])oration. The sot of extnted 
oihitals are formally denoted hy <J)g, With tlie above delinition in mind, 
the wav(; lUrictioris of the total system avIikjIi constitiii.e tlie eigeaistat(;s of the 
S'" ox)('-rator are written below. 

Ground Staid, 

Triplet : 




... (11) 

Singlet : 


1 = VK '^hYiVof ^(^7'o)“l 

- (12) 

Excited Slatdfi -Invuh'nig one electron tiansitioii from 'P(, orbital. 


Trigdeis 


• 


rv ^ ^ 2 ) *(7’o <l>a^ u) 

... (13) 


1 ®'A2(.'/. od ^ “l3('^1 '^hf i'lh «) 

... (14) 

SingUts 


1 ^'>l(<7, «)><.,;, ad = ‘(®(«1 %) \Pq ^g, «) ’((^o)“} 

... (15) 


For one clefiii’on transitions from tlie rr,^ orbital, shall have similar oxiircssions 
as aliove i^xcojit ( hat the role of 2*0 and is intiM’changcd The notations dv, 
nd dcnoti* the symmetry of tlie total wave function under the approiiriate symmetry 
operation. 

The matrix elements of the FTanultonian (in atomic units c ^ ^ = m — I ) 
H = Z1I,+ Z ^ ... (l(i) 

t Tij 

Avithin tiic manifold given above are easily obtained following the methods of 
earlier papei's (Sinha et al. 1959 to 1962). 

The energies ol the ground triplet and singlet states are given respectively 
as 

Eq—J{u^ u^) and ^E^ = 

their mean being E^. LikcAvise, for the energies of the various excited triplet and 
singlet states Ave shall take a mean Ein ~ Qg, ^ neglecting the relatively small 
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exchange integrals compared to coulomb and one elec.lion teniis contained 
Qg The singlet nr tnxilcL depressions, other than those due to direc.t exeJuinge 
can ho expressed in the second order perl.iiihatjon ot tlie various /croth 
order ground states as a result of interaction with the excated st-ates (Sniha cl nl ) 


(W{2S 1-1) ^ 1 ^ ^ M I (17) 

Thus the splitting of energies between the triplet and singlel can be e>xprcssed as 


fS Jl-' 

I " J 

f S 4 I <v/i - 1'-^ V J I 1 «i */'» I 'b I ' 

\ - /ir'o ^ ]iJy - a;„ 


-^2J{u^u,) ( 1 «) 

If we were to disregard the (dfect of the direet exchange for the time being, tlie 
coupling duo to the sjiin polarization incchanisni (i.c^ terms in the curly lirachets) 
is depiMident on the relative symmetry o( ground and cxcit(*d orlutals as well as 
their energy dilference. Transitions between orbitals liaving the same symmetry 
stabilize the triplet state and those between orbitals oJ diHin’c-nt syniinetry stabi- 
lize the , singlet state. When tlie (‘.xcited orbitals j are centred on tln^ anion, 
they arii automatically orthogonal to the ground state atomic oil ntals p„ or rr„. 
FTowever, for the mold idar orbitals constituted as in (7) to (S) from the cation 
empty orbitals the overlap integrals such as will be important. Tliiis 

lor the choice of orbitals as in (7) and (8), tlie hybrid exchange integrals of 
the type < take the lollowiiig siiecilic lornis . 

1 I ’bPo ' + I '^VPci> "■ I ''hlh'>}l 

^217-2.^^,) ... (10) 

<'>h<l>w\'>hPa> = {<%4|''^l?’o>- <'?< A I -^’'^aP<'fhPo I U,Po>]l 

- m 

'<Wi0u I 0^ “ i I '*^'1^ 0^ — <.Uj(h I 1 

V2(1--2*S%) ... (21) 

<Ui<Pg I u^(ro> = { <uAa I 'WiO-„> H- <uAb I 'Ui^o> - 2^Sf„„ <'U^(T^ 1 %a-o>)/ 

V2(l -2,8^7) ... (22) 

The integrals of the typo <:ahlcd> represent the coulomb interaction (l/r^^g) 
between the two charge densities rt*(l) b(l) and e*(2) d(2). The magnitude of the 
integrals occurring on the left hand side of (10) to (22) will depend on the sign and 
magnitude of the various integrals on the right hand side. The integrals of the 
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I I and I arc cx])ootcd to be negli- 

gibJe owing to tlicir disposition and overJap considerations. 

We shall now discuss tln‘ spccilic interactions namely, AOB, A0(1 and AOD 
based on the concepts developed above. 

AP V LK: A 'no NT TO SPJGtUPKJ OASI^S 

First, we consider the A-B interaction in the unit A-O-B. The symmetry 
element is reflection in the . 17 / plane passing throngli 0 and bisecsting normally the 
line AB. The anion orbitals rr„ and (p^) have already been described (cf. e(pia-| 
tioiis (1) to (II). For the singly occiiph'd cation oibitals and n, in the case of\ 
CrS, (h’Se, CrTe, v'e choose which has th(‘ maximum overlap with the 

anion orbitals. In the case of MnTe like systems, rZ ^ type orbitals will be 
ehoosonto ri'present and 

The choice of ein])ty orbitals on the anion and cations is guided by crystal 
held de-pressions of the nexli shell orbitals For CrH, CrSi*, th(‘ empty orbitals on 
the anion e.entre are taken to be dy,, d.^ (cf Fig 3) both odd under tin* above 
opiiration and for DrTe., the lowest is ?/) being an even orbital, tlu^ others 

lying appr(‘ciably higher up. For em])ty orbitals on cations, is taken for 
Cr-'X^' system and for Mn^*X-‘ systems. These orbitals have been chosen 
both from energy as well as overlap considerations. 



Pig 0 Schomai.ic i’eprost3riiation of iho tTf, and dy/g orbilaJ.s for AOM iiifomuLion. 

It may be remarked that the cations are closest in AOB unit comiiarcd to 
other units. Furtlicr from overlap considerations the occupied orbital of the anion 
which partake.s more strongly 111 the indirect exchange interae.tion is (r„ rather 
than 2^0 (See Fig. 6 ). The effective exchange integral for tliis unit can be written 
for CrS, CriSo (with cZe^ standing for dyz, or cZ^^a on anion and <j)g or as given by 
(7) and ( 8 ) d^ being as 

\ ' - ■ - Aff.. A£?„ "■ A£7 / 

(23) 


-2J(«jMj|) 
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Since optical experiments on similar systems m(lieat<‘. tliat anions effectively 
■shield the nu'tal ions from one another (Ca,ss(ilman and Keffei 1900), the direct 
exchange is cxpecLed to he very foehle. AVc, therefore, lU'glect The 

term.s in (23) owing to the excitation model i.e 4 1 < | 

stabilize the singlet state. The terms due to charge trail, sfei are better understood 
on expanding the integrals in atomic orbitals. 

4 1 <'u^^u I > I “ _ 4 I „,d„ I 

AA:,, ~ A^„L2(i-2^,yi 

4 1 < ll.^(l)y\u,o■^,:> _ 4 I { 1 7/iO-o > - 2^'„„ | } | 

~ AJS?,l2(l 2iV,„2)l 

Using IVliillikiMi’.s approximation (Mulhken 1053), we can write 

{<V«1 Vi) + 

whore /S',,, -- The integral of the type centred at one cation, will be 

zero iinlciS.s the azimuthal ((iiantnin niimbers of tlie orliitals .satisfy (Condon and 
Hlioitlcy 1953) 


(24) 

(25) 

( 20 ) 


7ni{u^)-\-w,{da) ^ m,i{uj)+'nii{u^) ... (27) 

This will hav(*- finite vabi(‘ only when the orbitals involved are of the type d. 2, 
jjg, etc. i<\jr the prest'jit (!a,se when ii. is dy^ or dj-y and d — d/I, this integral vaiii,shcs. 
Thus to a rough ajiproxnnatioii 


2J^jf{(h'So, f-V/Sf)~4| ^ I I aiO 'o> | “ _ 77.i(To | |“ 


(28) 


In view of the fat-tor and the overlap of ivhioh is expected to he smaller 
when — dy^ than \vlien it i.s d^2, the last term in (29) will be relatively small 
comiiarcd to lirst tcrni.s Thus the singlet state is likely to ho more stabilized 
and the coupling in CrSe, CrS wall be antifcrroniagiictic. For OrTe whcjre the 
excitation orbitals i.s — iffy (3.c“ 7/“) we get 


2y,.,^(CiTe) = 4| - b 


|_<r7ti/j77jO-„> |2 


2aV| <7/iO-o|7^i(ro:b 

^Eg[l-2S\„) 


(29) 


The above, of course, always stabihses the triplet state and the coupHng will be 
feTTomagnetic. While considering the case of MiiTo, w'^e recapitulate that 
=d^2 and da = Pz and hence the integral <Uid,i\u{Ui> is quite appreciable. 
(Koido, Sinha and Tanabe 1959). Further the o^^erJap density u^o-q is expected 
to be quite appreciable. However, as shown before, the first and second terms in 
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(25) iicarJy oaiici-l eadi other and accordingly the effective exchange integral for 
MnTe (jail he written as 

2 ./„, (MnTc) ^ 4 I I '' - I < | ... ( 30 ) 

111 vi(Mv of tli(‘, large overlap of (l;,2, p, with o-„ and smaller energy denomination 
it is (‘xpocted that the charge transfer model will he more important i n 
t)ie [irescMit case and hencc' the second term in (30) will hci of smaller magnitude. 
Theielori^ (30) would stahihze the singlet state. j 

l^^or MnAs, MnSb also, the charge transfer model will be more iinportan 
owing to a high degree' of covalcncy but the choice ol orbitals for ?/., and is the 
same OiTe and accordingly the coupling is expected to he ferromagnetic. In 
the ease of CviSb, tlio metal ion ground state (jonfiguration will be , wdtb d/Z, \ 
paslved doivTi and d^Z y2 pushed up. For the excited orbital 
liowBvei, is pushod down owing to crystal field effects. Thus the elioice of 
and d,i is the same as MuTe and the charge transfer model would lead to a stabi- 
lization of the singlet state. 


Siudy of AGO Interaction 

As indicated bclore, tlic role of cr^ orbital of the oeiitral ion will not be of im- 
portance for the present unit as compared to flu^ p„ orbitals Further, using the 
oritc'riori of maximum overlap (in Fig. 7), the choice of % fer lons is (7,^2 „2, 
(dxy) On the same liasis it (jan be seen that the excited orbital siicJi as (rl^j) 
on tlie excitation iiiodol on iSe, Te, etc. will have fesser sigiiificianee than the 
.s orbital to a certain extent. TJius for A-C interaction, ^s^e discusse tin*- charge 
transfer model and the .s-orbital effect for the excitation model. Now p„(= pf) 
is an even orbital under reflection in XZ plane. Hence for d'^ typo ions (CrS, 
CrSe, CrTe, MnAs, MnSb) witli % d,^ 2_y 2, d^ ^ d^ 2 the effective interaction 

can be written as 


or A \ I < -MiPo I > I 2 , I < \ 

I \ aai,ii--2>sV) J 


(31) 


Avhicli A\'()iild always favour parallel coupling between A and C. The above is 
also true for CrSb except that ^ d^2 and — d^2_y2. In the case of systems 
sucb as MnTe, CrSb with d„ = p^ and noting that is likely to be negative 
(Sec Fig. 7), wo have 

or _ o f I < «'i4 1 > I " _ I < uA I > +2 1 iSy I < u^p^ I 1 2 

\ A^;„(1-2S%) 

... (32) 

which assuming that ^Ey and ^E^ (l-2iS%) arc comparable would bo negative 
jn sign and hence the parallel case is again favoured. One can, therefore, conclude 
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that A-C mterautiou is fc-rroniagnetio in all nascs althmish the sti-ensth ot the 


mtcraotioii will be woakor eoinparocl to 



Fig 7 »Si‘lienuii,i(‘ irpiPsiMiiai.Hm ol tlip and 
oibiials (ui A()(l ui(oi‘.u*l.u)ii 


l-B iiit<'ra(jtion. 



Sludij of AOJJ Inferacf/um . 

Tm tills situation also the elfective anioii orbital would lu'. 71 ,, wbieli is odd uiulcu’ 
rotation by ISU° around .i-axis With Ui — d/l.fl, d,^ - d/2 and excitation 
orbital «, the effoctivi' (‘xchaiij^e nitoj;ral for OrS, fVtSe, where excitation niorlel 
is more important is given by 

= I < I > I ■ (33) 

and lor the systMus CrTe, MiiAs, JiiiSb where the eliai’ge, transier luechanisiu is 
exj) 0 (;tod to be iinjiortant (ef. ^ 0 ) it is 

~ 1 I 'hPo ^ 1 ••• (34) 

The lonner (cl. eq. 33) lavours antil’erromagnctic stabilization and the latter (el 
eq. 34) lerioinagiiotie. For the systems MnTe, CrSb, with 11 ^ -- df2, da - 
the charge transfer process gives 

2J,jf = 2 1 < Vrt I ■UiPo> I . . . (35) 

favouring antdeiTomagiK'tic coupling between A and D. It may be noted that 
the weaker AOD interaction is acting in the same direction as the A-B interaction 
for the said sy, steins. 


0 E N E 11 A L 0 O N Cl L U S I O N S 

The loregoing analysis shows that in the NiAs tyjie magnetic eoinjiounds 
the spm-jiolarization niechanism iirovidcs a reasonable explanation of the observed 
sj)in coupling. It shows that the strongest interaction bascfl on this mechanism 
is A-O-B i.o. between the closest magnetic ions via the cr^ orbital of the anion. 
The A-O-C and A-O-D interactions are feeble, the former always giving rise to 
parallel alignment, the latter strengthening A.O.B interaction. 
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The details of these interactions can he classified under Uvo headings, namely 
(1) (loufjhng via (‘xcifced orbitals belonging to the central ion (excitation model) 
and (2) Coiiiiling via excited cationic orbitals (charge transfer model). 

in deciding as to v hich of the two models plays a dominant lolo m specific 
cases, we are guided by a rough idea of the energy demominators as well 
;is the hybrid exchange integrals occurring in the numerators (e.f. eip 
(22)). Further, we now briefly assess the energy denominators. On the excita- 
tion moflel, the foregoing analysis tacitly assumes that only those excited em|)ty 
orbitals on the* cential ion constitute a seniilocalized bound state, which |are 
depressed owing to tlu* crystal field iiertiirbations In addition to the constant 
shift of all the levels, the splitting of p, d ot f levels will be of the order 
of 2 to 5 eV, as the estimate made here and in earlier work shows (Sinl^ia 
et al. 1062). Further fhe energy denominators occurring in equation (1^|) 
can be taken to be equal to the excitation energy l.o the ajiproiuiatc* excited orbital 
(atomic or mohiculai). For the orbitals on the excitation model we (‘stimate this 
from atomic energy states for the free ions (e g. /S’) (Watson 1958) jilus 2 j r | wx'll. 
Thus “ ion in a crystal would be approximately equivalimt to argon atom 
along with adddional corrections due to crystal field sidittmgs. For the chaige 
transfer model, v e cstimati' the energy denominators as apiiroxmvitely equal 
to the energy involved in transferring one electron from the anion to cation 
which in turn is roughly derived from the appropriate ionization xiotential of 
the metal ion and the electron affinity of the anions. (Koide, Sinha and Tanabe 
1959). The tentative estimates arc indicated beloAv : 


Substance 

[excitation] 

l!JS{cJmrge transfer) 

CrS, CrSe 

10 ev. 

>20 cv. 

CrTe 

-^15 ev. 

■^15 ev. 

MiiTe 

'^15 ev. 

<15 ev. 


From the above, it ajqiears that in compounds such as CkS, CrSe or generally 
]Vfa+X2- (X being S anti Sc), the excitation model dominaf.eit and leads to antifei- 
roniagnetic coupling For MX where X is Te, As, Sb it seems that, in general, 
the charge transfer model will dominate the excitation inetihaiiism. In CrTc, 
both may be equally important but they act in the samedirt^etioii. This is quite 
consistent with the stronger covalcncy in MTc, MAs, MSb etc. We have already 
discussed before as to ivhich of the bybiid exchange integrals are likely to be 
imiiortant. A numerical estimate for the various exchange aiid overlap integrals 
is not attempted keejiing in mind the hopelessly difficult job of having an accurate 
knowledge of the various orbitals involved in such systems. No Hartroe-Fock 
calculations are iivailable exisept for some free transition metal ions. It is hoped 
that a better knowledge of electronic orbitals in crystals in future will render 
it possible to make quantitative estimates. 
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THEORETICAL POLARISATIONS OF HIGH FREQUENCY 
RADIO WAVES AT A LOW LATITUDE STATION 

C. ABHIKAMA KEDDY 

(uNOHlMHCEirC JiUSBAUCLl LAUOUATORTliH, AnDIUIA UNIVBUSITY, Wai/L’ATU. 

{Jietaived, Noveiibbei 1^, 1962) | 

ABSTRACT.. Tlie pi)lu.LihAiiou.s oi YorticMlly jji'oiiugated high iinqiiotusy laclio wavos 
havo boon ovtilual.od from Hio Apjilotoii-llaitroc lormulu loi tlio lutiiudo of Wiillair (tipo- 
miigiioHo Jjai, 7 ("N, Dij) angle 20^*) by the rigorous comjiuiational method Tho vaiiuti(liiH 
of the axial lalio and tho tilt anglo of the polarisation ollipso Mnth elooti’on donsitv, (‘ollimonal 
trequoiicy and wave Ireqnoiioy aro dirootly dolinoated so as to make iiossiblo a I'oady ooiii- 
jiarisoii with oxjioiunontally inoasuiod values of tho above pai araetors. 

1 N T K O D U (J 'P I 0 

There are two principal metliotls of iiuniencally evaluating tiio theoretical 
polarisations of lonosphorically propagated radio waves from the Appleton- HLar- 
trec formula One is the graphical method developed by Bailey (1934) and 
another is the computational method, which was also outhnod by Bailey (1938). 
Both of these methods have been used by many workers for obtaining the general 
curves of polarisation parameters for a variety of propagation conditions (Martyn 
1935, Murthy and Khastgir 1960; Ghosh 1938‘; iSnigh and Miirthy 1958; Scott 
1950; Taylor 1033; 1934; Snyder and Hellivcll 1052 and Eatcliffe 1059). 

It is the purpose of the present coiumunication to doscnhc the results obtained 
from an extemswe scries ol calculations of polarisation parameters for vertical 
propagation conditions at Waltair, which is a low latitude statioji (Geomag. Lat. 
7.4“N, Dip angle 20"). 

i)KSC)]IIPT10N OB TUB M M T H 0 i) 

The magiieto-iomc equation for the complex polarisation (B) of tho radio 
waves can be v'ritten in the form . 

d= - (1) 

where 

r = v/v„ 

Vc 

*Cuinmunicfited by Prof B. Ramaohandra Rao. 

430 



Theoretical Polarisations of High Frequency, etc, 
- ^Ip 


431 


_ 47tNp- 




" ; 2(;()s^y 


He 

P/z — — cangulaj* gyjofrcqueiKjy of olc(!troiis 


H — iStrengi/h ol the earth’s inagnel-ie field 

Oj, — Angle hetweon the direetioii of jiropagatioii and the dirertiou ol the 
uiagnetjc: held. 

p — Angular freqneney of tlio \\ ave 

V = Oollisional frequency of electrons 

c, m — CUiargo and niaiss ol an election. 
c — Velocity of c.m. waves in free space. 

V — Niimher density of electrons. 

Following the jjrciccdnro outlined by Bn-ilev (lOlHS) eq. (1) can he trans- 
foriued into tlio form : 

) +* ( j'}] •" 


where 

A 11 . 

B = 20} 

0^ 


From a detailed analysis it can he sliown that the upper negative sign in 
eq. (1) and (2) refers to tin; orebnary magneto-ionic component while the 
loAvor positive sign refers to the extraordinary coinpoiumt. Tims, denoting the 
ordinary wave poJai'isation by R^, wo can Aviite . 

Rq — ... (3) 

where 




... ( 4 ) 
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Using the positive sign before the radu^al in eq. (2) and proceeding as above 
we obtain for the extraordinary wave 

7ii\ — r^-[-isx 

where 

Thus, stratmg from a pair of values of f a 
r and .v, of eitlu'r eliaraoteristie wave can bo calculated through A, B, V and eqna\ 
tjons (4) and (5). From tlu' known values of r and the tilt angle (»//) and the axial 
latio (f) ol the polarisation ellipse can be calculatefl from the following set of eq. 
tions ■ 


J 


... (n) 


ind ?/, the polarisation jiarameters, 


^ /r 

tan~^(.s' I '/•) — 0 
tan2v'.= 

fr - I 

^2 ^ tan2^ = /i“-| 1 

/5“+l— \/ — l)2-t-4/o‘^ eos^ (j) 


(C) 

(7)‘ 

(«) 

( 0 ) 


_ scnii-minor axis 
seim-inajor axis 

— the anghi between the major axis of the elipse and the magnetic north 
diree,tion. 

The electric vector is considered in all the above equations. 

But, the above method of obtaining ^ and e corresponding to a set of r and .s values 
IS rather laborious, and a simpler graphical method, vdiieh gives the parameters 
ij/ and c to an accuracy sufficienl. for comparison with experimental values, is used, 
This method is based on the analysis given by Bookei (19114) of the conqilex polari- 
sation B, which IS represented in a comiilex plane, lie had shown that all possible 
polarisations can be known from points in the first quadi’ant of a unit cirtde in the 
complex 7?-plane, by using projier signs and inversions depending upon the signs of 
X and Y. Therefore, if a chart is preiiared <;ontaming lines of <!onstant t/r and 
constant 0 m this first quadrant, then the values of i/r and 0 corresponding to any 
particular set of r and s values can be read directly from this chart. The foUoiving 
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Iavo equaiions, relating r and iv to the panvnndeis i// and 0, ean he derived ti'oni 
equations (8) and (9). 

Eaeh of the above is an equation for a eircle Thus, the curves of constant y!r 
aie <arcles with < (^utrcs at (l/tan 2i//-, 0) and with radii, (1/siu 2i//), tlie curves of 
constant 0 are circles with (entres at (0,i 1/sin 2/^) and radii (1/tau 'lO). A chart 
of 20 ciii '<20c]n size with 1 niin divisions has been used for ohtajning i/y and 0 
by tbi' abeve method, 

Each oi' (be ]jajaine‘ters ^ and ij involves four variable's namely, the electronici 
density, the colhsional freeiiiency, the wave ire(|uency and ibe ciitical colhsional 
fie(|ueney. For vertical projiagaiion, tin* ciitical collissional Jrequency Avhich 
is deterniine'd bv the stri'iigth and nudination of earth’s magiK'tie Jield v itb resjx'.ct 
to tiu^ diKH'lioii of propagation, is uiiiijuely fixed at any one place if ils height 
variation in tb(' lonosjiheie is neglected. Theri'fore, the valiii'- of A is detenuined 
by and p and that ol T by v. By assigning the di'sirerl valiu's to 'jr -r and v, 
sets of values of X and Y can In*, f.abulated and the cojii'sponding values of? and 
s evaluated 

Coiiqmtations havi' lieen made starling with discrek' values of X and Y 
the possilde langes ol which have been determined from the chosi'n I’angi'S of wave 
frequency and the colhsional frequenev. The chosen Avave frequency range 
is from 1 to (i Mejs Tin* critical collisional fre()uenoy foi the lattitude of AValtair 
being S.03ilir/s, the value of X varii'S from zero to a maximum of 4 37 in the 
above ivave fiequcncv range if proiiagation Avjtliin the .r-range of 0 -1.0 is consi- 
dered. The collision frequency (v) of electrons varies from zbout bxlO^d/s at 
the lower fringe of (b(‘ /(/-ri'.giou to about in the region of maximum ioni- 

zation m the Allayer (Ilatclifh' lOOO, Nicolet 1959) For the wave frcipii'iicics 
chosen, this range of (lollisional freijiiency values is relevani- under different pos- 
sible condilions of ionosiiheric jiropagation Tlierefore, ten values of y( — 2v/v,.) 
in the range of 0 to 2 0 have been used in the computations. 

It may be mentioned that the quantities X and Y above arc the same as the 
X and Z, ri'sjiectivcly, in Snyder and Helliwell’s graphs (Snyder and Helhwel 
1952), and the ( — |) and [v/|m\ |] in Katcliffe’s curves (Itatcliffc, 1959, ii. 72). 

R K 8 U L T 8 A N D D 1 8 (i t 8 8 1 O N 

The results of theoretical eah illations for the ordinary Avave are presented 
graphically in figures 1 to 4. It is usual to represent the- Amriation of polarisation 
Avitli electron density by means of 0—N and \//—N curves. Such representation 
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Jian tl )0 ath'^aJitago tliai bot}) tbc sets of curves can be shown in Iho same graph 
iji a compaclj frojii. But, with a vimv to facilitate a direct (jompari son of the 
tbcorotical and experimental values of polarisation parameters that arc actually 
nu‘asure(h curviiS have bet'ji drawn shoving the variation of the axial ratio (e 
or tan 0) and the tilt angle [ijr) with the eloctronici density for different fixed values 
of collisionaJ frequency. Big. 1 slunvs the variation of c with x for a fixed wave 



Fip 1 Vnriation of uxiul ratio with electron doneity. 

frc^queiicy of ^^4 for eight different values oi‘ Y in the range of 0 to 2. The 

important comiusions tliat can be drawm from there curves arc as follows ■ 

(i) Tlic'rc is a marked variation with elec.tionio density in the ellipticity for 
all values of collisional frequency. 

(li) The rate of variation of e with x over the tr-rangc of 0 to 1 increases slowly 
at first with collisional frequency upto v — v^, but for values of v > v^, there is 
a sharp reduction in the variation of e with x-, the variation becomes very small 
for V >> Vp. 

(iii) The effect of increased collisional frequency at any value of x is to in- 
crease the axial ratio, the effect being more marked at larger values of x. 
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(iv) Tho anoRt iiiiporfcaiii foatiiro of pmrticcal iiiicroHt. is tho nogligibly Hinall 
change in c, at any value of .r, as Y elianges from 0 to 0.1 (■t)TTespoo(ling to a eol- 
lisional frecpicnoy change of zt'ro to 8.03x10^0/*=*. 'Hie effect of collisions on the 
axial ratio becomes ap])i‘eciable only A\hen Y is alumt 0.,5 or largiM-, 



t'lg. 2 Variation of tilt anRlo witli oloctron clc'nsity 

The variation of the tilt angle {>//) Avith rr is shown in Fig. 2. The miiiortant 
features of this variation aie as follows: 

(i) The variation of (/Jf with x has a maxiniuin range lor v = V(, and gets 
smaller as v decrease below or increases above tlu‘ value oi Vg, 

(h) For values of F smaller than about 0.01, the A^ariation ol ij/ with x is 
negligibly small, 

(iii) The effect of collisional frcc|ueiiey on the tilt angle is much larger than 
the effect on axial ratios; thus, as Y changes from 0 to 0.1 , ijr changes from 0 to 2“, 
which is a measurable change, while the corrcsjionding change in t is seen to be 
negligible. 

(iv) The value of \jr changes appreciably with the colUsional fierpionoy for 
values of Y > 0.10. 

From the above features, it may be concluded that the axial ratio is, in 
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general, niorc; scnwibive to changes in electron density while tlie till, angle is more 
sensjtjve to thanges in (tollisional frequency. 

One im])orta.nt feature ohservahlc in both the Figs. 1 and 2 is the marked 
diirert'iiee in the* shape ol tlie. curves as Y increases tJirough unity The axial ratio 
hecoiiies ya'U) at .< -- I foi all values of v v^, while it has differiait values at 
x - 1 for different values of v v, On the other hand, the tilt angle has dif- 
ferent values at x — 1 for different values ol v -c v^,, while it shows tlie same maxi- 
mum value of for all values oJ v v, Tt is f.o lie noted, hoviever, that this 
dilf(*ren('(* in tlu*. behaviour of the polarisation eharacteristies foi v v,. djikl 
V < V,. IS alisent foi lower values of .r, notably at .r ~ 0, and the variations of 
and (// are gradual. 



The variation.s of e and ij/ with electron density are slioMii for a .single frequency 
of 2 Me/s; these curves arc t>q3ioal for the high frequency range and the general 
conelusions given above bold good foi frequencies higher than 2Mc/h' The theo- 
retical values of jiarticular interest are those of the axial ratio and tilt anglij at 
X — 0. These are the values that are experimentally measured when the radio 
waves, emerging out of the joiio.s]5hcre, reach the ground. tSome doubt has been 
cxjiressed regarding the validity of the assumption that th(^ final jiolarisation of 
the radio ivaves leaving the ionosphere corresponds to the level where x = 0 
(Hoy and Verma 1955). A detailed quantitative sludy of the limiting polarisa- 
tion of radio waves has shown clearly that, in case of high frequency radio 
waves coming down vertically, the final limiting polarisation is acquired at a level 
in the ionosphere where the value of x does not differ significantly from zero. 
Therefore, these limiting values, and t/r^, of the axial ratio and tilt angle, res- 
pectively, at a; — 0 are shown graphically in Fig. 3 and 4. Fig. 3(a) shows the 
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varjation of Lq \^ith (jolliyitnial liequoiiey for five fixed -wave frequciicjes. Q^Jh* 
folloM^ing points of j)racti(‘al interest emerge lioin a study of these eurvt's. 




Kig 4 Varintioii of Bq iintl with wavo fioquoncy. 

(i) At frequencies of 2IV[e/s and higher, the axial latio of f he limiting polari- 
sation ellipse for all values of v < 0.5v,. differs hv less tliaii J ])t‘r ei'ut lioin tlit^ 
zero collisional frequency value. 

(ii) The pffee.t of collisional frequenev <»n e,, diminishes ra])idlv as the -wavo 
frequenciy imreases above 2Mvl.s, the increase in c,, even at v -- 2vc oV(‘r f/hat at 
V ^ 0 heing h'ss than one jier cent at the wavi* frequency of (iMi'/s 

The inij)ort,inc(“ of the above theoretical facts beconu^s obvious when it is 
renieiiibered tJiat the collisional frcajiiencics hi the ‘luniting region’ where tlie down- 
coming waves in the fr(*(]uency range of 2Mc/h and above* acijuire their final 
polarisation aie not likely to be greater than 0 hv, under normal ionosyiheric 
conditions. As such, the observed axial ratios in tins fre(juen(*y range should 
practically be the same as preduited by the magnebi-ionio theory for the case of 
no collisions. 

Fig 3(6) shows the variations of with Y for the same five fixed frequimcies 
as in (a) The effect of colhsional fr(;(pien(.y is significant in this case, especially 
at frequencies 3Mc/s and below A collisional frequency of 0 Iv^. which is likely 
to obtain in the ‘limiting region’ when it is situated at the hnver Iringe of the 
(niid-day) ^-region, causes a radio wave of 2Mc/h to havi* a tilt angle of nearly 
1.5'’ wliuli is at the lov er limit of mea.surable values of tilt angle. For lower 
values of V, the tilt angle is too small to be mcasuied accurately. 

The variations of t,, and with the wave :r(‘(]ueney are shown in Fig. 4, 
for fixed values of Y, to bring out eleaily the dependence of the limiting j)olari- 

5 
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satjon on iJio wave frequoiicy. The important j)oints of interest to be noted from 
the curves are as follows . 

(i) Then* is a marked variation of the axial ratio with frequency in the 
rantie of 1 .5 to (i 0 Mc/s, the rate of variation being larger at lowei wave freijjuencjes 
ami at sinaller collisional frcipiencies. 

(ii) The variation in tilt angle, with wave frequency gets smaller for smalleir 
values of i-ollisional Ireijueney and the variation is negligibly small in the 
priKit ical range of (F ^ 0.10) collisional freciuency values when the wave Irequeiicy 
varies from 2 to 0 Mc/s. I 

(ni) 'J’lic larger the wave frequency, the smaller is the effect of collisional^ 
freqiKMicy on the tilt angle of the limiting polarisation ellipse. ' 

All tlie above results and discussions refer to the ordinary magneto-ionn; 
component- It is well known that the ordinary and extraordinary wave polari- 
sations are relat(‘d to each other in a well delined way at each level of th(‘ ionosphere. 
As such the extraordinary wave polarisation is not discussed separately. 


C O N C J. U S I O NT « 

The didailed investigation of theoretical polarisations of radio waves at 
this low latitude station (Waltair) has shown that the experimental measureuicmts 
on polarisation at low latitude stations in the frcquimcy range of 1 to 0 Mc/s, 
should show a clear inercase in the measured axial ratios with frcqui'iicy and that 
the measured tilt angles should be rather too small to observe their variations with 
frequency. Tlu^ results of the above study are in general agreement with those 
of the many previous Avorkers referred to m the Introduetion, witli the exception 
of Mary Tayloi’s results The eonclnsioii of Mary Taylor (1933, 1934) that the 
limiting jiolarisat.ion is ahvays circular is found to be at variance with the results 
of all subsequent workers on polarisation and it lacks a theoretical basis. 
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ON THE RAMAN SPECTRA OF MONOMERIC ACRYLONI- 
TRILE IN LIQUID AND SOLID STATES AND 
INFRARED SPECTRA OF THE POLYMER 

N. K. ROY* 

/ 

Indian ^\ssoDlA'^I()N fou tith: (JuLTn’^ATimvi oir Sdiknc lo, (^al(M)tta-H2 { 

{Rernwd, June 7, 1 9(511) \ 

Plate VTII 1 

4BSTR\Cr I 'III' Jiimin Hpoolrum of inonoinoiM acryloniliilo holirlifiorl iind foolod \ 
down (o --IS()'’(J lias Ik'oii rocordoiJ and (‘oinparod wiUi Mnil fililuiin'i] lor llm suhislrtiioo nt 
rncmi l('inp()i'n.fiini luul tlio spocliM ol Mio monnraoj in liquid and hoIuI hlnlos have lu'i'ii coin- 
]iiii(id if) ili(' inlrai'orl .spofiira of blm inononioi and i.hc (lolynior If ih lound iliai n'lioii ilio 
nnnoinoi ik s'llidifiod and noolnd io -ISO"!! till ilio liequoncios duo In .strol clmif* vibrations 
ol l-lu' molnculo lomiin unohantri'd bill niosi ol ilio fioquoinoos foriospondinp; to d ('formal ion 
vibraiiniis sliili to loiiffor w.ivo iiiunboi’H Fiirl.lioi, four iioav low Irotiiu'iu’y linos at fil, SI, 
90 and 128 oin^i appoar in tlu' Jiaman aiioctnim of ilio fjuzon monoinoi at -IHL’C. 

1 1 iH pDintod out that iho fioinionuios SO and J2S ajijioar also m ilio inliarod Hpuriruin 
ol Ilio polynioi with rovornod iiiionsiiy latio and it is concluded tliai Ilio, so Iiuok and hands 
aie duo to o.scillations in the molooiilos associatod to oaoh otiior tfiroup;h M 11 bond 
It i,s furthor p nutod out that tlio incroaso lu the fioquoricios of vihratioiiH iiivolvinp: bonding* 
of the (1-11 bonds in the frozen moiiomor as well as in the polymer furtlier coi roborat.es such 
a liypotlifiisis 

'Pho ajipoaiaiK'o of the uifiarod bands at 1012, lOHO and 20110 em'J are atliibulod Io 
the fonuatinn of both hnoar and bent (! -^ (! = M chaina in the polymer 

1 N 'I' It 0 D 1) I! 'r TON 

The Raman and infrared speetra ol‘ monomeric acrylonitrile liav(' been 
niyestigated by iiiaiiy vyorkers (Tmini and Mt'cke, 19115, Kobirauseli at aJ., 1937, 
Rietz at al., 193S; Tliomsoii and Torkiiigton, 1944, HalversoTiT^ al I94S) and some 
of tliem (Tbomson and Torkiiigton, 1944; Halyerson ct al., 1948) have assigned the 
obseiTed Raman sliiffcs and infrared absorption bands to different modes ot vibra- 
tion of the molecule Liang and Krunm (1958) studied tlie infrared speetiiim 
of a tliin sheet of polyacrylonitrile and made assignments of the 
observed iiifrareil absorption bands to the diflcreiit modes of vibration of the 
constituent gioups in the struetural unit of the polymer Recently, Chen et al. 
(1960) obtained polyacrylonitrile by X-ray irradiation of acrylonitrile at 78.r)°C 
and studied the infrared speetruiii of the polymer. Tlicy reported a new band at 

* Pi’osmit rtddrojK : AsHiHtaut Profo-ssor uf Pliysicul (Uiomiatiy, Natjomil Dairy ]Uisuaic]i 
XuHtitutu, Karmil, Punjab. 
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20J0 cm ^ and attributed it to the formation of kcteniniino groupM C — C— N 
during polymerisation. They also reported other bands at KilJO, 1075 cm-i 

the ongin ol which could not be explained by tlieiii LikeiMse. Deichert and Tobin 
(1901) studied the infrared spectrum of polyacrvionitrile lormed hv passing electric 
discharge (20090 volts, 00 cycles) through liquid acrylonitrile and obseived a band 
at 2019 cm“i which v^as attributed to the presmicc of lc(‘t('nimine gioiij) in the 
polymer On tlie other hand, Liang and Krimm (195S) did not observe any a 
band either at 2019 cim^ (»r at 2030 cm h It ivould iherelbre, be oi‘ interest to 
polymerise tlui muiioiuer under known cmiditions and to Inid out whether fJic 

C = chain is foi'med in the polymer under such conditions. 

in two earlier commuiiKiations (itoy. 1953, 1954) it was pointed out that the 
(iiangcs observed in some ol the vibrational frequencies of the monomers with 
solidilication and cooling down to — ISO^C were to some extent parallel to the 
changes oliserved with jiolvmerisation of the monomer It wns. therelori*, thought 
woithw hile to mak(' a comparative study of the changes m the vibrational frt^- 
quiMicies ot nionomenc acrylonitrile with solidilication and with })olyinerisation. 
With this ol)|(>ct the Itaman siiecLra of monomeric acrylonitrile ni the solid state 
at --1S0"C and the infrared spectrum of the polymer in nn|ol mull liave been 
st. Lulled and compared with i he S])ectra ol the monomer in the lupiid state. The 
results obtained have been discussed in the present paper. 


1'] X P E K T M E N T A L 

A sample of monomeric acrylonitrile supplied by the National Choniical 
Laboratory ol Tiulia was purified by a method described earlier (itoy, 1953). 
Till' piiiified liijuid w^as iractionalod and the ilistillate obtained at 77.3'^i0.5''C 
W'^as redistilled m pyrex double bulbs under reduced pressure. The llaman spec- 
tiinn of the purified inonomei in the liquid state w^as studii'd in the usual way and 
m the case of tlie mimomer in solid staio at 180"(y the method used earlier 
(Hoy, 1953) was adojited A Fuess glass S])ectrograpb having a dispersion of 

I I A. /mm in the 4040 A region w^as used to photograph all the Jlanian spectra 
and on each spectrogriam iron arc spectiuin w^as iiliotographed for comparison. 
Afticr each cxjiosurc proxier test for the detection of the xu’csciice of fiolymer in 
the monomer was applied and by tnal the sxicctrogram of the sjieeimcn showong 
no Liaco ol xiolymer after exjiosurc was obtained. 

Polymeric acrylonitrile was iiiepared in the laboratory from the purified 
sample of the monomer. About 0.1 of benzoyl peroxide was used as a catalyst 

III one sample. Tins sample w^as heated m an electric oven at 100“0 for about 
24 hours w4ieii the iiolymcr was obtained as a wdiite pow'^dcr. Another sample 
wois proiiarcd woth a redox catalyst ol x>otas8iiim permanganate and oxalic acid 
in aqueous suspension ol acrylonitrile. The resulting polymer was washed 
several times witfi hot water and dried thoroughly by heating under vacuum at 
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40^ and Hiibsequently in a vacuum desiccator. The samples ohtained hy those 
two jnetiiods were opaque and consequently their Raman spectra <!Ould not be 
studu'd. Tnfrarod Nj)eetra of the polymer in nujol mull were re<u»rdcd with and 
witJiout (iojupensation cell in the reference beam. The former spectrum was 
u.stid to ('-oiTeetJy identify the bands due to tlie polymer in tho regirms where 
nujol has its own absoiptioii bands and in the latter case a thicker film v^as used 
to record very weak absorption bands ol the polymer in the region wliero 
nujol has no band of its own. A 0.022 mm thick cell obtained between two 
rock salt. j)laf(\s was used to record the inlrarcd spectra oi the monomer. A 
IVrkm-Elmer Mode] 21 infrared sjiectroiiliotomctcr provided with lock salt 
optics was used for recording the infrared spectra of the samples of monomeric 
and jiolynieric acrylonitrile. \ 

R K H IJ L T S 

Th(‘ Raman shifts of monomeric acrylonitrile in the liquid and solid .states 
t.ogi'tber with thi‘ wave numbers (in cm~^) of f lic infrared bands are given in Table 
1 wliich also contains the Raman shifts along with their assignments given by 
Ralversoii ci ol (194S). In Table T1 the fiequcncies of the infrared absorption 
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bands of tJie (jolyiner obtained after neeessary eorrcctions frcjjii oahbration eliart 
liave l)een tabulated and a probable assignment ol the frequencies luive been 
given. Some of tlie important infrared bands oL thin slieet iif jiolyacrylointnle 
reported by Liang el al. (]9/)8) have also been included in "fable 11. 

Some ol the Kaman spectra ol Ihe monomer are leproduced in Fig. 1, Jdate 
VIJT, while tlie inliared curves of the monomer and the polynu'r an^ shown in 
Figs. 2 and IL 



Fig 3. Infruxecl spectra of polyocrylorntrilc m nujol mull 
(i) With compensation (ii) Without compensation. 

DISCUSSION 

(a) Ramtni and infrar&d spectra of mono^neric acrylonitrile 

It can be seen from Table I that out of the fifteen vibrational freciucncios 
expected from the molecule of monomeric acrylonitrile thirteen have been observed 
in the Raman spectrum of the liquid. Previous workers variously reported a weak 
Raman line in the region 305 cm“i-384 em'h hut no such line has beem observed 
in the present investigation. When the monomer is solidified and cooled to 
-180"G all the frequencies due to various stretching vibrations remain unchanged 
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TABLE 1 

Banian shifts and inframl Ircqnnncios of acr5doniti ile 


J tifrared 

Ivf quencj o,s 

V, 

liamaiL shifts Ar, 

cm“ ^ 

Probable 

assignments 

Liquid 

Solid 

Liquid 

Jjjquid ai 25''(i 

at 30 °C 

at -180“C 

Halversion 
eial (1948) 

Halvonson et al, 
(1948) 




I’rfiBont uul/hoi 







.51 (0) 




A wing iipto 

1 00 cm-i from 
tho Ilayleigh 

81 (3b) 


1 


line 

96 (4b) 


\ 



128 (0) 




241 (6b) 

247 (5) 

P 242 (16) 

0-0 EE N bond, a' \ 




302 

0-(^ ~ - N bend, n" 


568 (1) 

568 (0) 

P 570 (4.1) 

0 — (!— C lioiid, a' 

G82 v.s 

689 (0) 

694 (1) 

J) 688 (3.0) 

tor.sioii, n' 

745 w (h) 





800 w 





868 m 

874 (1) 

874 (1) 

P 871 (4 7) 

0-0 stieifh, or/ 

962 vw 





972 VH (li) 

970 (0,vb) 

976 (0) 

D 970 (2 8) 

HuO 0 wag, a" 



996 (1) 


HKt! - 0 wag, a" 

lOUO m (h) 





1092 m 

1093 (0,vb) 

1093 (0) 

D 1094 (2 8) 

OH J Kick, n' 

(ill plane wag) 

1283 m 

1287 (2) 

1300 (2b) 

P 1280 ( 14) 

OH rock, a' 

(in-] llano wag) 

J 325 wv 

1375 w (li) 

1419 vs 

1415 (5) 

1426 (4) 

P 1412 (20) 

OHn del, a' 

1608 ms 

1608 (9) 

1608 (8) 

P 1607 (36) 

0 — 0 streleli, a' 

1625 in 




682 + 902* 

1 653 m 




682 1 972 

] 940 m 




962 + 972 

2230 vs 

2228 (10) 

2228 (10) 

P 2228 ( 100) 

0 - ^ N st retell, a' 

2277 w 

2989 (1) 

2989 (il) 

P 2989 

868 1-1416 


3031 (6) 

3031 (6) 

P 3032 (45) 

0-11 stiotch, «' 




3068 (7.5) 

C-H stretch, a' 


3117 (3) 

3117 (3) 

P 3116 (14) 

C-H stieleh, a' 


P = PolarjHed; D = Depolansod 
* Assignment proposed now. 
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PLATE- VIII 



(C) 

Fig. 1 . Raman spectra ol acrylonitrile monomci 

(a) I.iquid at 30“C' 

(b) Solid at— 1 SOT 

(cj Solid at — 180T (showing low frequency lines) 
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TABLE T1 

Infrared frequencies (v, eni'*) of polyacrylonitrile in nujol mull 


0( tluu film, 
Liang and Krimm 

In iiujul 

rnibiiblo 

(I95S) 

nnill 

assigiimi'iit 

8(i rnw 



127 vs 



25t) ms 



-130 w 



r)32 in 



075 w 



77K 111 

700 m (h) 



825- 872 m (vvb) 


802 vw 

005-1020 ma (vvb) 


KM 1 (sh) 

1058 b . 


1073 s 

1080 ma(h) 1 

— -C— (1-skolotoii vibration ol“ 

1115 (ah) 

polymer ehum 

1175 (sh) 

1 1 70 ma (b) 


1227 mw 

1206 H (b) 

(J-H building in tho polymer uliain 

J247 8 

1242 s 


1310 w 

1310 K (b) 

C— H rook 

1359 ina 

1350 vs (h) 

C — H bonding in the polymei chain 

1375 (sh) 

1 302 vs 


1447 vs 

1440 vs 

CH^ doL 

1013m 

1012m 

•Symmotiic strotohing vibration 



in bent (J - M gioup 

1078 w 

1050 w (h) 

Antisymmutrjc stretehing vibra- 
tion in bent C ^ C — N group 


2030 vvw 

Linear (J ~ C — N stretch 

2185 vw 

2196 in (bh) 

1242-1-954 

2237 vs 

2245 vs 

C ~ N Rtrotch 

25 1 0 vw 

The hands due l-o 


2810 vw 

C— H sUotchmg 
vibrations uio 


2870 m 

overlapped by 
those due to 


2940 VB 

nujol. 


2985 (sh) 
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but/ most of the frequencies correRiJonding to deformation vibrations undergo 
('lianges. For instance, the Raman line 970 cm of the liquid is split up into two 
comjioncuits in the case of the solid at 976 and 996 cm“^ resiiectivoly. This line 
is due to Av^aggiiig of Olf^ and CH groujis (Halverson, 1948). 4’he medium strong 
liainan hue 241 0111 “^ probably due to 0— R bending, where R nqn’cscnts ('! = N, 
shifts to 247 eni-^. Also, the frequency of tJie Raman line 689 cni-^ (682 
m tlie mliared spectrum) assigned to C ^ C torsional vibration imu’eases to 
()94 cm“^, whereas the line 1287 cni"^ due to 0— H rocking motion shifts to 
fIlOO cm“^. iSmiilarly, the Raman hue due to scissoring dciformation of the (pH.^ 
group lias a frequeiuiy of 1415 0111 “^ in the liquid but inc, reuses to 1426 cm "A in 
the case of the solid. The weak Raman linos 568 and 1093 cni“^ do not show 
any shift although these lines are assigned to (1 = C — C bcmdiiig ami rocilc- 

iiig motions respectively. The changes mentioned above may be due i\o 
loriiiation of a weak linkage between the 11 atom of the CH^ groups and the N 
atom of the neighbouring molecule. Rrobabty this N...H bond lu's in 1-he plane 
ctmtaining the (1 N and H- C bonds so that any bending of the (J---H groiq) 
at right angles to the plane results in the bending of the weak linkage and it 
affo(its very little the frequency of the CHjj rocking vibration. 8imilaj ly, the 
weak linkage docs not alter the bonding oscillation frcqiioiiey of the C =■' 
C— C group. 

Tt is observed that in the present case the C = C strotiihing vihiatioii fre- 
quoiiey, 1608 cm“^, is lower than that in otliylene (liorzheig, 1945), styrene 
(Roy, 1954) or methyl mcthaerylatc (Roy, 1953). Also tlie C — ^ hJ frequency, 
2228 cm~^, is lower than that observed in the spectra of otlier simple mbriles, e.g., 
siiccinoiiitnle, methyl cyanide, etc. (Herzberg, 1945). The conjugation between 
C — C and ON bonds in the structure, C = 0— G N, of acrylonitrile molecule 
seems to be lesponsihle for the lowering of both the froqiicneies. Tins will also 
increase the electronic charge on the terminal C and N atoms and lacilitatc the 
formation of iiiteriuolecular !N...H bonds mentioned earher. 

Besides the changes discussed above, other characteristic changes also occur 
in the Raman spectrum with solidilication. Four new Raman linos of frequency 
shifts 51, 81, 96 and 128 cni"^ are observed in the spectrum of the boM at — 180^0 . 
Of these, the two Raman lines at 81 and 96 cm“^ arc fairly intense, while the other 
two lines are weaker. These lines are evidently not due to intramolecular 
vibrations. 

it may be pointed out that although two bands at 86 and 127 cm“^ were 
observed by Liang and Krunin (1958) in the infrared spectrum of polyacrylonitrile 
there arc no corresponding lines in the Raman spectrum of the hquid monomer, 
because the intensity of the wing present upto 100 cm~^ the Rayleigh hne in the 
Raman spoetriim of the liquid monomer is very feeble in the above two regions. 
The strong now Raman lines 81 and 96 observed in the case of frozen monomer 
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may correspond to the feeble infrared band at 86 cm~^ and the Hainan lino 
I28cm~^ may correapond to the infrared band at 127 cm~^. Thus it appears 
that in tlie polymer also the weak N...ri bond is formed and the vibration of 
low frequencies observed in the case of the frozen monomer occurs also in tbo 
polymer. Liang and Kriinm (195S), however, conc.luded that no hydrogen bonding 
takes plac.e in the polymer, but they seem to have overlooked ibe fact that the 
C--^N stretching frequency may not be affected even if the N.. H bond is 
formed, as pointed out earlier. The assignment of the two Irequcncies S6 and 
127 cm~^ made by them may not therefore be corre(;t. 

The number of new low frequency lines is generally large in substitutiHl ethy- 
lene when at least one of the substituents has non-bonding fik'ctrons or a resonance 
struiiturc as in benzene. In tlic present (;asc there may bo mon^ than one iiiole- 
c.ule in the unit (icll and the slrengths of the N...I1 bonds formed between neigh- 
bours at fliflerent distances may he difloront. TJie assignment of the low fri'ipuMicy 
lines to oscillation of N ..H groups is supported liy the facts thab in the ciasc 
of tctrachloroothylene at — 180“0 no new low frequem^y Kaman line is observed, 
while frozen trichloroethylene shows one such line at 62 cm-i (Sanyal, 1950). 


Infrared speclrmn of polyacrylonitrile 

It IS seen from Table II that in the infrared spectrum of polyacrylonitrile 
in iiiijol mull there are extra bands at 1058, 1170, 1205, 1242, 1350, 1656, 2030 
and 2196 cni"^ Avhich arc not represented in the infrared spectrum of thi^ monomer 
In order to account for these bands one has to explain first the ajipearamio ol iavo 
frequencies 1612 and 1656 cm in the spectrum of the pol 3 U)ier. Evidently, 
although in the usual process ol polymerisation the C — C bond should be replaced 
by the C— (1, in tins case in some percentage of the jiolymer the C (3 reapi)ears, 
and therefore, an alternative process takes jdace. The formation of tlui kcttmimino 
group has been suggestcMl by Chen et al (1960). 37ic <j]iaraeteristio frccjuoncy of 
linear C =- (^ — Nil group is 2030 cni~^, hut when the angle hetwetui G — C and 
C — N is about 90” the group may have the two frequencies 1612 and 1656 cin“^ 
respectively due to the aynimctric and antisymmetric vibrations. As all the 
three frequencies have been observed in the present case it is evident that in 
certain percentage of the polymer the ketenimine chain is linear, in some it is bent 
and in the rest no ketenimine chain is formed. The three cases are illustrated 
by the formulae (A), (B) and (C). It may be pointed out here that Chon et al. 
(1960) observed the bands 1630 and 1675 cm"^ but overlooked this plausible 
explanation of their origin. On the other hand, Liang and Krimm (1958) observed 
only the two bands 1613 and 1678 cm"^ but not the band 2030 cm~^. Hence in 
their polymer also the bent group 0 = C = N was formed but the hnear keteni- 
mine chain was not formed. The bands tibserved by them was due to this 
configuration of the polymer and not due to impurities as aBsumed by them, 
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Of tlic remaining extra bands the bands 1058 and Il70em-"i (!iin now Ix' 
assigned to the vibration of the ehaiu 0 — 0— C C in the i)redoniinant eon- 
figuration of the xiolymcr and the bands 1205, 1242 and 1350 cm“^ may be due to 
vibration of the C— H grouxis in the chain involving (y— II bond. 

Tt may be jjoinLed out that tlie infrared bands ]31() and 1440 cm ' of the 
polymer corresiiond to tlie bands at 1283 and 1416 enf ^ resjieetively of the mono- 
mer and the inoroaso in the values indicates formation of N...H bonds in tlie 
polymer. The band 2196 cni“^ is rather weak and it may bo duo to tho combi- 
nation of the frcciueneies 1242 and 954cm~i. 

As montioiied earher, the frequoney 86 cin“' observed in theinfrared siieetrum 
of the polymer is replaced by two frecpiencies 81 and 96 cm“^ in the Raman spec- 
trum of the frozen monomer, while the frequency 128 ajqiears in tlie Raman 
spectrum of tlie frozen mtmomer as well as in the infrared sjiectrum of the polymer. 
Tho intensities are however reversed in tho two sxiectra, which shows that these 
are due to some fundamental vibrations in whi(;h the selection rule is opiirative 
so that the Raman lines 81 and 96 cni’^ arc very intonse while the infrared band 
86 cm~^ is weak. These Raman lines have been assigned to vibrations in mole- 
cules of the frozen monomer asspeiated to each otlier through N...H bonds. 
Evidently, in the polymer also such hydrogen bonding takes place. The low 
frequency Raman lines are therefore not produced by the crystal lattice because in 
the polymer there is no such regular arrangement. 

It may be iiointed out that the unusual properties of polyacrylonitrile, viz., 
that the polymer is an opaque powder while polystyrene and polymethylmethacrylate 
are transparent, that polyacrylonitrile is infusible even upto a temjierature of 250° C, 
that it is insoluble in common polymer solvents, but dissolves only in some special 
solvents, o.g., suc.cinonitrile, dimethylformamide etc., may be due to the abnor- 
mal ketonhnine type of linkage at least in some percentage as well as N...H 
type of linkage present in the polymer as discussed above. 
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EVAPORATION OF FREELY SUSPENDED AND 
CHARGED WATER DROPLETS 

NAKAYAN R. OOKHALR* 

State University oy New York, Albany, N.Y. 

{Received, Januarij 16, 1963) j 

ABSTRACT. Experjmeiiial dai.a for Iho ovapoiatinn of waller dropleis of l/i Wzo, 
evai)ora,ling ill liumid aiT, are obiajiiod Those dropleis are charged and aro ficely su,s])pnded 
in an. After aderiuate foiTootion for ihe cooling of droplots duo to evaporation, r drjm is 
found to ho proportional to (Pj, (s) — pjj}, over a eoiisidciahle lange However, at voiy 
valnoH of (P„ (s)--P|)}, a dcjiaituro from such a trend in indicated, In every caHo, the r.lte 
o( evapoiatioii for charged dio]jlots of Ip size, i.s found to bo con.siclcrably less than lhat cid- 
culatod from hiichs’ f hoory for uncharged droplet.^. 

INTRODUCTION 

The evaporation of organic; liqnicl droplets evaporating in air, has heeii the 
subject of oxtonsivo experimental observations. The variation ol*tlic rate of 
evaporation Avitli droplet radius, temperature and pressure has been observed. 
iSnch evaporation rates have boon noted for attached, as Avell as, unattached drop- 
lets of several such liquids. 

The evaporation of •water droplets in gaseous media and the reverse proisess 
of dro])]et growth by condensation, are extremely important in nature, Tlie (;yclo 
of water proceeds via the condensation of water vapor on hygroscopic particles 
in tlie troposphere, Avith the formation of (doud droplets, yuch droplets either 
evaporate, depending on the turbulenee and the environmental conditions, or 
form bigger ram drops. Tt is also well-kiio'wn that ebarge is present in a cloud. 
Thus the study of evaporation rates of small charged water droplets, under 
controlletl conditions, is extremely important in the relatively new field, cloud 
physics. 


TITEORETTCAL AND EXPERIMENTAL BACKGROUND 

The basis of the theory of evaporation of droplets in gaseous medium was 
laid by MaxAvell. Considering x^irely diffusion control of evaporation, Maxwell 
arrived at the following equation, for the rate of decrease of droplet radius 


dr 

dt 


D 

Pl^ 




* This work was carried out m Institute of Science, Bombay. 
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'vvhcre, r is tlio drop radius, T) Mio diffusion roeflic.ieat of water vapour in air Pu{s), 
f}g arc respectively the vapour dciisitieK at the surface of the drop and in the distant 
environment, and pj^ is the densitj^ of liquid water. 

But it soon became evident that, when the droplei. radius is coniparable to 
the mean free path of a diflusing vapour molecule, Maxwell’s ('X])^^ssion do(*s not 
hold good. Fuchs (1934) derived theoretically a more, adctpiate exprc‘ssmn lor 
such an evaporation rate, which is given by 


dr 

di 




(^) 


where a is the condensation coc'flicient ami v — in the usual notation. 

Frisch and (Jolhns (1052) derived the same expression as that of Fuchs 
liy more analytical methods based on stochastics. MoncJuck and Iteiss (1054), 
on tliii other hand, hav(‘ devel(q)ed a theoretical formalism using non -Maxwellian 
dislribiition functions Tliey have concluded that, except lor small modi li cations 
in the constants, Ji'iicJiH expression is correct to the first order in their pertei batioii 
theory. 

Woodland and Mack (1033), Slieresheksky and Stei'kler (1030), Bradley, 
Kvans and Wliytlaw^-Gray (1040), Bu-ks and Bradley (1040) as w^ell as Monchiek 
and Reiss (1954) liavi^ experimentally observed the evaporation rates Jor droplets 
of organic liquids under dilferont conditions of iiressure and temperature. They 
have ail confirmed Fuchs expression for the evaporation lates ol such droplets 
of organic lii^uids, evaporating in dry aw. 

(hidris and Kulikova (1024) measured the rate of evaporation of charged 
water droplets, with an aqueous solution in the chamber, with vajior pressure 2.5imn 
(i.e., approx. 15%) lower than that of the saturated vapour. Jn this ease, imtjal 
radius decreased steadily for 40 mimites from 0.64 to 0.40/t. This rate was many 
tmie.s less than the tlioorotieal. it w^as thought de.siralile therefore, to clu'ck 
the evaporation lates for l/.t size water drops which are Ireely suspended and 
charged, under more exact conditions of pressiue, temperature and lelativc 
humidity, inside a chamber. 

E X P JO li 1 M Ji] N i’ A L T JO C H N I Q U E AND P R O C E D U Jl E 

The Millikan’s oil-drop apparatus of ‘CENCO’ design has been used fur the 
observation of water droplets in the present oxjieriniental investigation. The 
plate separation was adjustable to cither 0.53cm or 0.7 cm. The 400V D.C 
Hiipply required for these obsorvatious, w'as obtained by connecting nine 45V 
batteries in scrios. The illumination of the droplets \vas jiiovidcd by convciging 
a beam of light. Adequate precautions were taken to avoid any significant drift 
of the droplet duo to uneven heating. The smallest rlivision of the telc-microscope, 
used for observing the droplet transit, measured 0.081 cm. 
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To iiieasiiro accurately the relative humidity of the air, inside the small chamber 
ol Millilcan’s aj)paratus, a special form of tlio dew-point hygrometer was developed. 
Ill this apjiaratus, the d(‘W was lormed on the end of a narrow silver tube, inserted 
inside the ohamlier, by cooling the tube with the help ol a controlled flow through 
it of pre-(!Ooled eLhyl ether. Tlie temperature of the surface, wliere dew is formed, 
was noted accurately with the help of a thermo-couple. Only a small poi'tioii of 
the tulic was expos(*d, as the rt^st was covered by rubber tubing. This hygrometer 
allowiul the determination of relative humidity within the small chamber, /quite 
accurately as described by N.II. Gokhale and K. M. Gatha (1959). I 

In the present senes of (jxperiments a set of observations was charactoi’ised 
by some constant values for pressure, temperature and relative humidity. iThe 
same seleided droplet freely suspended between the two plates was repeatedly 
observed in such a set of ob.scrvations. This was accomplished by bringing 
the droplet whicli was chaiged due to friction Mdiile spraying, to its original posi- 
tion everytinie, by aiijilying the electric Held. In this manner, the free fall 
under gravity w-^as observed for the same droiilct at various epoclial times At 
every epochal time "V tlie time Ig for the free lall of the di'oplet through one 
division of the telc-microscope was noted. The time t(j was small as compared 
to the time interval between two successive ei»ochs. The velocfty Vg, of free 
fall under gravity was thus obtained from Ig, for each value of 1. Next, for 
each ‘i’ the droplet radius r was calculated with the help of the equation 


I ‘2g(p -p^) ) 


( 3 ) 


where y — 183.2x10“® dynes per sq. cm, is the coefficient of viscosity for air, 
= 0.990 gm 0111 “^ is the density of water, /?„ ~ 0.00129 gm cni~® is the density 
of air, while g is the acceleration due to gravity. 

The above expression for r in terms of Vg is based upon Stokes’ law. However, 
it is known that this law needs correction when the droplet-radius is coniparahle to 
the mean free path of air molecules. According to Millikan (1923), the corrected 
value of Fgf is 

(l+xj)’’ ... (4) 


where I — 9.6 X 10"® cm, is the mean free path for air molecules at rf>om tempera- 
ture and atmospheric pressure, while A is the correction constant to be determined 
empirically. Millikan has shown that A depends upon the droplet-liquid and the 
medium tlirough which the droplet falls. 

To determine the constant A, which is not known, for water droplets faffing 
through air, a special experiment was performed. The procedure was simlLar to 
that used by Miffikan. However, the evaporation rate for water droplets in air 
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]R rather largo. fiper.ial |irec‘au(.ioiiM Avere liocesMiry to proveiit. any Higni- 

licailt eliaijge in the drojjlel radium (lunug (ho tinio of oaoli oliservatiou. This Avas 
acooniplished hy reducing the tiino nf ohmej-v^atjon jiiid hy siiturating tlie air hy 
placing water-hoat.s inside th(*- ehainhi'r. This exj)CLiinont, gives A -- 0.701 
lor Avator droplets lalling thr.uigl) eir. as desenhed ])v N. K. (Joldiale and K. M. 
Gatlia (1058). 

insi'i’ting tlie ( orrectod vcloinly Vif into Mijn. (d), tJie coi'jcetcd droplet 
radius was calcnlatcd foi' each value of 7’ Tlie evapoiation rate drjdt was next 
calculated from the aliove sot of values of r and t, 

J1 E 8 IT L T 8 

The (‘vaporation rate foi water diojlets, evaporating in humid air, is 
expected to depend n])on jiressure, tern per aitire, the droplel- radius and the relative 
huiiiiditv oi air All ohsiu’v ations reporl.ed herein have hei'ii carried out at 
atmosphmic pressum ecpial to 76 cm of JI(j and temperature approxi- 

mately. Tlie present scries ol experiments consist of over sei^enty sets of ohser- 
vatioiis. 

The principal jinrpose of the present iiivestigaiion has been to observe (Jio 
deiiendence of the evaporation rate on relative humidity. Tims, tliese sets of 
observations correspond to tlie droplet raihns erpuil to (lOd'2) X cm, wliilo 
tho/ temperatiiie Avas kept at approxijiiatelv. On the otluT hand, tlie relative 
humidity aa'-oh systoiiiati(!ally varied from 6.20 to 0 85. 7Mie corrected droplet 
radius wa-s ])lotted against t ior eaeh Sid< of observations It Avas found that the 
expei-iinental points fell on a straiglit line lor eadi sueli set of observations wiili 
rclatiAU* liuiiiidity gr(‘ater than 0 3 The evaporation rate {drjdt) was caleulated, 
for oadi sucli set, from tlie slope of the c.orri'spondmg straight hiio. Four such 
sample plots are shovni m Fig. 1 On the other Jiand, tlie experimental plots 
indieated small curvatures for those sets ol observations, A\lierc (lie relative, humi- 
dity Avas less tlian 0 3. Four sneh saiujili! j>lots are illustrated in Fig. 2. The 
evaporation rate {drjdt), in sueJi l asi's, Avas eahailated Jrom tlie slope of the tangent 
to the curve at some A^^alne of r, lying Avithin the ahoAUi range. 

Further eight sets of observations at room tempera(,iire Avere taken Avith the 
droplet radius varying from 5'^10~‘'cni to 17x10 '* cm ^3ic exj)erimeiital 
values of r plotted against t, in each case, fall on a curve Tlie evaporation rate 
was next caleulated at tin', two end jioiiits of the curve Jor eaeli set. It was found 
that in every case the evaporation rate iiici’cased Avith the diicreasc in the droplet 
radius as expected from MaxAvcll’s and Fuchs’ equations. Htiwever, the relative 
humidity being different lor different sets, significantly affcided the (evaporation 
rates. 

A plot of rdrjdi against {py{s) -p^} hwk^d to prodiuee a linear relationship if 
Pv(^) is assumed to be the saturation vapour density at the temperature of the en- 
7 
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vironmeut. It was noted however, that a correction for the fall in temperature of 
th(} droi)lot caused by evaporation, was necessary. Kinzer and Gunn (1951) 



Time (t) in aeconds 

Fig. 1, Variation of radios of droplet with tirao 



Time (t) in socondH 

Fig. 2. Variation of radius of droplet with time 

determined the temperature of freely-falling drops and showed that this temperature 
and that of a ventilated wet-bulb thermometer are very close. Hence, py(s) 
was assumed to be the saturation vapour density appropriate to the surface 
temperature of the drop, treated as a wet-bulb thermometer. With this correction 
rdrjdt was found to be proportional to {p^{8)—p^} over a certain range, as shown 
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4r)5 



ill Fig. 3. Each poini plotted lor this graiili is a mean value ot throe to 
four similar observations. For low values of {^„(.s) — however, slight departure 
from this trend, is indicated. 

n I S C u S S I 0 N O F T FI E K E S U F. T S 

Using Maxwell’s expression for the evaporation rate given in equation 1, 
one finds that the value ol dridt is equal to 3.8 X ciu sec“i for r — Ip, I) — 0.2(f , 
the xiressuro 76 cm of Hg, teniperaturc 28''C and relative humidity 0.85. Using 
Fuchs expression given in equation 2, with a — 0.030 and all other values as indi- 
cated above, one obtains drjdt — 6.G x 10"* cm sec'b The experimentally observed 
observed value is 7.0x10"*’ cm see"*. Thus, it is obvious that these theoretical 
values are much too large, as compared to that of the observed ones. 

It is extremely important however, to note that the experimentally observed 
values, agree well with the value obtained by Gudris and Kulikowa (1924). Their 
value for the above case, is drjdt — 6.3x10"® cm see"*. As already stated, their 
droplets wore freely suspended and charged and the rate was many times less than 
the theoretical. Thus, it is confirmed that the water droplets of one micron 
SUSP, evaporate considerably slowly, than that calculated from Fuchs expression. 
The two possibilities which might help in explaining this descripency are 



456 


Narayan R. Gokhale 


(1) Both th(^ equations, of Maxwell as well as of Bnolis. have not been tested 
for very small drops of micron size and shown to bo true in this range; 
and 

(::J) TJieso equations are derived for drops which are not charged. It is 
true that the (;hargc has j\o significant effect for bigger drops of say, 
1 mm diameter However, there is some evidence as stated below to 
suggest that the charge may be effective for very small droplets, in 
redii(;ing their evaporation rates. i 

(^aretiil nicasurenumts of fre-ely falling water drops, at 0-40°C and 10-100% 
relative humidity ha^e been uLade by Kinzer and Guim (lOfd), using refined elec- 
tronic tecliniqiu'. Drops of (hamoti'r ranging from 40/^ to 1mm were produced 
and oJoctritied by dropjior. Of exceptional interest are the measurements in the 
ri^gion of very small Ivcynolds mindiers. Tlie results of Kinzer and Gunn indicate 
that very small drojilct.s^ whose motions arc controlled largely by viscous 
for<!es, evaporate relatively slowlj^. 

Thus the probhjm of the rate of evaporation of charged water droplets of very 
small size, can by no means be eonsidcred as solved. 

A C 1C N O W L JO D G M 10 N T S 

Tlio author wishes to thank Di* L. A Raindas for suggesting this problem, 
and Dr. K. M. Gatba for useful discussions and suggestions during this work. 

Jt E !<’ 10 K E N C 10 S 

Birlcs, .T. and JJradley, R S , 1949, Ptoo. liot/. Soc {Lond ), A., 198, 220. 

Jiradloy, Jt. *S., Evans, AI. (.i and WliyUaw-Gmy, B W., 19-16, Proc. Hoy. Soc. {Loud), 
A, 186, 308. 

FriHoh, H. L. and Collins, E. C., 1962, J. Ghcm. Phys., 20, 1797. 

Euchs, N., 1934, PUy.tih. F. Howjelunion, 6, 225. 

Gokhalo, N. K and Gatlia, 1C AI., 1958, Ind. Jour. Phys., 32, 621-24, 

Gokhalo, AT. B and Galha, IC AI , 1959, Ind. Jour, of Met. QRophys., 10, 337-40. 
Gudri,s, N". and Kulikova, L, 1924, (1) 21. Physik, 25, 121. (2) Iiilernational Critical 

Tables, 5, 54. 

Kinzer, G. D. and Gunn, B., 195J, J. Mot., 81, 71. 

Alillikan, R. A., 1020, Phys. Rev , 15, 646; 1923, Phys. Rev , 21, 217; 1923, Phys. Rev. 
22 , 1 . 

Monohiok, L. and Beiss, U., 1954, J. Ghcm. Phys., 22, No. 5, 

Shereaholsky, J. L and Kteekler, S., 1930 J. Gliem. Phys., 4, 108. 

Woodland, D. J. and Mack, E., 1933, J. Am. Ghcm. Soc., 55, 3149. 



NOTICE 

No claims will be allowed for copies of journal lost in the mail or 
otherwise unless such claims are received within 4 months of the date 
of issue. 


RATES OF ADVERTISEMENTS 

1.. Ordu^r^ pages: 

Fuilpage .. .. Rs. 60/- per kisertion 

Half page .. .. .. .. Rs. 28/- per insertion 

2. Pages facing 1st inside cover, 2nd inside cover and first and last page of book matter : 

Full page .. .. .. .. .. Rs, 66/- per insertion 

Half page .. .. Rs. 30/- per insertion 

3, Cover pages , . . . . . . . . . by negotiation 

25% commissions are allowed to horn fide publioity agents securing orders for 
advertisements. 



liUQftt Joatnal «C Pliyilcf 


jt!ONT«NT8 

VoL 37, Ntr. 8 


Aiifw^ |j^ 

pAoa 

46, TT*i-n Systems !n the Electronic Spectra of Ortho and Para Fluorobenzaldehydei 

— Kailash Chandra and O. Sharma ... ... 40S' 

47, Indirect 5pin Coupling in NiAs Type Magnetic Compounds — K. P, Sinha, 

M. K. Sinha and U. N. Upadhyaya ... ... 417 

48, Theoretical Polarisations of High Frequency Radio Waves at a Low Latitude \ 

Stafion — C. Abhirama Reddy ... ... ... ^30 

49* On the Raman Spectra of Monomeric Acrylonitrile in Liquid and Solid States 

and Infrared Spectra of the Polymer— N. K. Roy 

50. Evaporation of Freely Suspended and Charged Water Droplets— Narayan 

R. Gokhale ... ... ... ... ... ... 45Q 


pBINTliD BY EeA PEBSS^ 204/, 3. T. OAIipUTTA-Sb 

PtTBUSHBB BY THB BuOtBm&B, lBt>IAH ASBOOIATiON YOB THB CUBTlVAkoK OF ^btBHOB 

2 & 3 , Lady WiLUNODON Boad, Caloutta-SS ’ 1 



Re®4. No. C-39II 


» INDIAN JOURNAL OF PHYSICS i 

( PMi^d in collaboration rrith ihc Indian Phi,ical Sacicty) 

AND 

vo^48 proceedings ko. 

OF THE 

INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE 


SEPTEMBER 1963- 



PUBLISHED BY THE 

INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
3adavpvu,calcvtta u 



BOARD OF EDITORS 


NOTICE 

TO INTENDING AUTHORS 


K. B^yvnJEE 
D. M. Boss 
S. N. Boss 
S, D. ClIATTEBJEE 

P. S. (ku* 

S. B. EHAsiam 


D. S. Kothabi 

B. D. Nao Ghaudbubi 

K. R. Rao 

D. B. SiNiu 

S. C. SiRKAB (Secretary) 

B. N. Saivastava 


EDITORIAL COLLABORATORS 

Pkop. R. K. Astwdt, Ph.D., 

Prop. D. Basu, Ph.D. 

Prof. J, N. Bhab, D.So., F.N.I. 

Prop. V. G. Bride, PH.D.(Nag), Pn.D.(Lond). 
Prop. A. Bose, D.Sc., r.N.I. 

Prop. S. K. Chakrabarty, D.So., F.N.I. 

Dr. J. S. Chatterjee 

Dr. K. Das Gupta, P 11 .D. * 

Prof. N. N. Das Gupta, Ph.D,, F.N.L 
Dr. j. Dhar, D.Phil (Sc) 

Prop. A. K. Dutta, D.Sc., F.N.L 
Prof. C. S. Ghosh, M.So., S.M., r.N.I., 

M.I.E.E. 

Prop. S. Ghosh, D.Sc., F.N.I. 

Prop. S. N. Ghosh, D.Sc, 

Prop. S, Gupta, M.So., r.N.I. 

Prop, D. N. Kundu, Ph.D., F,N.T. 

Prof. R. C. Majumder, Ph.D., F.N.I. 
Principal Y. G. Naik, Pn.D. 

Prop. S. R. Palit, D.Sc., F.R.I.C., F.NJ. 
Prop. II. Raksiht, D.Sc., P.N.I. 

Prof. A. Saha, D.Sc., F.N.I. 

Dr, Vikram a. Sarabiiai, M.A„ Ph J),, F.N.L 
Dr. a. K. Senoupta, D.So. 

Prof. Nand Lal Sixon, D.Sc, 

Dr. M. S. Sinha, D.So., F.N.I. 

Prop. N. R. Tawde, Ph.D., F.N.I. 

Db. P. Veneateswablit 


Annual Subscription^ 

Inland Rb. 25.00 
Foreign £ 2-10-0 or J 7.00 


Maniisor'pts for publication should be 
sent to the Assistant Editor, Indian 
Journal of Physics, Jadavpur, Calcutta-32. 

The manuscripts submitted must be 
typo-written with double space on thick 
foolscap paper with Gufllciont margin on 
the left and at the top, The original 
copy, and not the carbon copy, should be 
submitted. Each paper must contain an 
abstract at the beginning. 

All references should be giyen in 
the te3rt) by quoting the surname \ of the 
author, followed by year of publication, 
e.g,, (Ghosh, 1054). The full reference 
should be given in a list at tho end, 
arranged alphabcticallv, ns foUows ; 
Ghosh, D. K., 1954, Ind. J, Phys., 28. 
485. 

Lino diagrams should bo drawn on 
white Bristol board or tracing paper with 
black India ink, and letters and numbers 
inside the diagrams should be written 
neatly in capital type with India ! ink. 
Tho size of the diagrams submitted and tho 
lettering inside sliould be largo enough 
BO that it is legible after reduction to one- 
third tho original size. A simple stylo of 
lettering such as gothic, with its uniform 
lino width and no serifs should bo used. 


A-B*E-F-G-M*P-T-W- 

Photographs submitted for publication 
should be printed on glossy paper with 
somewhat more contrast than that desired 
in tho reproduction, and should, if possible, 
be mounted on thick white paper. 

Captions to all figures should bo typed 
in a separate sheet and attached at tho end 
of the paper. 

The mathematical expressions should 
be written carefully by hand. Care should 
be taken to distinguish between capital and 
small letters and superscripts and siibsciipts. 
Repetition of a complex expression should 
be avoided by representing it by a symbol. 
Greek letters and unusual 63 TnboIs should 
be idcntifl3d in the margin. Fractional 
exponents should be used instead of root 
signs. * 
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FRANCK-CONDON FACTORS AND j-CENTROIDS 
FOR SYSTEM OF VO 

S. 8. Praaad 

Pepahtment or Physics, L. S. College, Muzaefaiipuii, BinAE 
{Received June 4, 1902; resub7mltcd May 29, 1963) 

ABSTRACT. Franck-Condon factors, \S dr\^ and Uio r-centroids havo 

been roporl,od for the VO liA— ‘-A system The r-centroid for a given {v', v") band has been 
found to incroaao smoothly with the corresponding wavolongth = ^o'+i,v'' + i'~rv'v' 

111 a sequence remauis constant. 


INTRODUCTION 

The T-centroiflj of a v'-^v" transition in a diatomic molecular band 
system has been defined as (NichoUs and Jariimiii 1950) 

V.B' = I drj dr. ... (1) 

where and are the vibrational wave functions and r is the internuclear 
distance. There exists a smooth relationship (Nicholls and Jarmain 1956; 
NichoUs, Kobinson, Parkinson and Jarmain 1956) between fy' and the 
wavelength of the corresponding transition, r^/y increases with ^.^/y if 
r/ > r/ and vice versa. A/* = Vy ) along a scupienco remains 

constant. Furthermore, the r-oentroids possess the foUowing important property. 

f fv' Mi'v" dr ^ fifv'y) J i/fv' fv" dr ■ ■ . (2) 

provided (a)/(r) is a polynomial in r, the highest powci ol r in which does not exceed 
10, (b) 10'’ (g) 0 01 a < I r/—r/\ < 0.25^4'’ The importance of this property 

lies in tlic fac.t that it enables us to obtain information ahout tlie variation of elec- 
tronic transition moment in any band system provided the experimental vibra- 
tional intensity distribution, f^^y, and the Franck- Condon factors (i.c. the sqiiaix^s 
of the overlap integral J y>u> i/jy dr) arc known (Fraser 1954). 

It is in this background that the Franck-Condon factors and r-controids 
have been calculated and reported in this paper for the - ’’A band system of an 
astrophysicaUy important molecule VO. The bands corresponding to this system 
are very prominent in il/-typc stars. 

* Presently at Department of Applied Mathematics, The Queen’s University of Belfast 
on study leave. 
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METJIOI) OK (!() M I’ U T A 'r J ON AND UESUUTS 


In tJu* case ilie Franck- Comloii taotors Jiavc l)cc‘ii oalcailatcd by 

approximate analytical method as developed by Fraser and Januain (1053). 
The calculations lia\'e lieen cliecked by the ‘remainder formulas’ (Fraser and Jar- 
iimin 19531)) In tins method the constants — a^and a.i occurring in tlie Morse 
|jntentml functions ol the two electronic states involved in tlie tiansition 


l),{l ... .(S) 

iiri' ii'placeil by their imthmctri- im-aii value a - J *2 , 1) anil 12 ,, are Uit 


Avidoh' ditler 


■itlereiit . 4 <y^\ replaeeiiieiit does not involve much dih- 


lorbion ol‘ the jioU'iitial c,nrve and at the same tune enables coiivenienl. analytical 
expressions to be developed. If however, a, and difh'r imuh, a Inrther eorri'C- 
tion called ‘r^-shift correction' is neialed Jn the. presmit case the vaku's ol 
and are, 1.97484 A and 1,881 19 A resxieelively and hence -shift coiT'e.i'tion’ 
was not needed. 

The r-centroids have been evaluated in tins work by (i) the graphical method 
and (ii) hy quadratic equation method, (i) The quadratic equation met bod — 
This method, develojied hy Nicholls and Jarmain (1956) uses the following equa- 
tion ’ 


A’,,' - AV --- Dj[l exp [ -ai(f,,'^i," rcj)',]" 

— exp (-a 2 (ft,',u''-rt'o)}l“ ... (4) 


whe-TO VJ, — and E — tOj, (a-l i) ■'Solved for 

rv'y ^2 leqilaeed by the mean a and eqiin'^aleni adjustment of a- 

dcpendeiit parameters are made the equation (4) becomes 


E^r —E„- exp {- a(v,,r — ?V,)}J“ 


—D\} \ - exp {- 0L{rv'y n;,)) |2 ... (5) 

This eipiation can be consideied to lie a quadi-atic equation in .r exp [ a(fi.ry)}. 
It should he noted that similar ajiproximations and adjustments have been made 
lor obtaining the Franck- tkmdOii factors also by the Fraser and Jarmain method. 
The eq. (5) is equivalent to 

Px'^ 2Qx\-B,ry^\) ... ( 6 ) 


where 

F\D\, 


A\=-exp(arrJ T 


Q — F^D\ F^L)'.^ F^ — lixpiarc.) 

^ D\ -D\ {E„t ' ~Er"') X exp(— ) | 


... ( 7 ) 
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and the j3rjnied riuaiitilicH ])\, J)',, A’,., <'lu’ evigmal JJj^ J).^, t!„ 

adjUHted for the mean a. This eqiiatitm has <\vo r(»ots Ija In .r Out of thofle 
two roots the ])liysic!ally meaningful joot is ehoscn. 

(jj) Graj)lm*al method • The ngld-hiid side ut the equation (4) ran he 
rahulated and plotted as a funrtion ol i over the signifittant lange say, at the 
interval of 0 OOIA. The IC„t - can also he found out eoi-responding to lh(' 

transition in question. The vahn' of / (MUTespoiiding in a given K,,, then 

giv(‘s the required 

Tlie n'sults of the ealenlations are shown in Table I and If, Table 1 
giv(‘S the value' ol the Kranek-tVindon fartors relative to that oi th«‘ (0. 0) hand as 
unity (aetual value heiug 0.;t|{4). Table IT gives the f,, values for different 
bands of the systcun. 


'PABLE r 


Er anek - f Vuid i in fn etors 



0 

I 

2 

1) 

1 (MXI 

1 I7U 

(1 . 51)5 

1 

1 U(M) 

u ous 

0 55(1 

2 

0 578 

0 341 

0 345 


TABLE 11 
r-Centroids 









A 

(1 

' 

2 

3 

4 


1) 

1 63) 

1 672 

1 716 

762 

812 

1 864 


1 . 63 1 

1 672 

1 717 

701 

815 

1 871 

1 

1 54 S 

J 637 

1 676 

722 

768 

1 817 


1 5!)8 

I 637 

1 678 

723 

770 

1 .821 

o 

1 ,508 

1 665 

1 043 

.080 

728 

1 774 


1 568 

1 604 

1 643 

084 

728 

1 770 

3 


1 574 

] Oil 

050 

1 692 

1 .734 

1 536 

1 574 

1 01 U 

616 

1 690 

1 .734 

4 

- 

- 

1 580 

617 1 

1 656 

1 , 697 

5 



1 552 

587 

1 623 

1 662 


Fn-Bt. row ■ V,tj" by uraphical method in ongMirom unit 
Second low : ' by quadratic equation melliod in angstrom unit. 
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TABLE III 
Molecular constants 


Sl-atoH 

Uc 

tucve 


o-CA-J) 

mean a 

(A-i) 


80:4 6 

5 4 

1 07 

i 97484 



10J2 7 

4 9 

1 59 

1 881J9 

1 928015 


DISCUSSION I 

In Table III arc given the spectroscopic constants and the related constants 
which have been used in the calculation. Tlic values of are from Lagerquis^t 
and »S(‘lin (105, '5) and the rest arc' from Herzberg (1950). It is clear from the tabl^ 
that in the present case r/ > rf and hence r„' should increase with . ln\ 
Fig. 1 the (‘(jrresponding graph is ]3lotted which is in agreement with the above 
expectation. This is in conformity Avith the findings of Nicholls and Jarmain 
(1950) and of Nicholls, Rovinson, Parkinson and Jarmain (1956) on some other 
band systems. 



64 66 68 60 62 64 66 

•-4 Xv',!)" Ill 1 00 A.u 

Fig. 1. Variation of f -centroid with wavelength for system of VO. 

These authors have further shoivn by investigations on some band systems 
that Ar ™ ('/*„'+], ) in a sequence remains constant. In the present 
case of VO -A— ^A system also the same thing is found to occur as is clear from 
Table IV which is draivn from values for 0, 0 sequence of Table II. 

Finally it may be mentioned that the values obtained by the graphical 
method and the quadratic equation method agree very well, 
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TABLE IV 

Ar values of (0, 0) sequence 


Bands 

v',v" 

Vy. (AV 

(in A) 

(in A) 

0,0 

1 .631 


l,i 

1 o:i7 

0 006 

2,2 

1 643 

0 006 

;t,:s 

1 650 

0.007 

4,4 

1 656 

0 006 

5,5 

1 662 

0.006 
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X-RAY DIFFRACTION STUDY OF COPPER AT 
HIGH TEMPERATURES 

(J. i) MITIU and S K. MITUA* 

])j:rAin'MiwT of Pjiysh'k, Indj vn Instithtj'. of Tfciinonoqy 

Kijaimofi'k, IjsrmA 

I 

{Jiv(<‘iml March Jfi, 1902 ) j 

ABSTRACT. iSjiool ro^^c■opJ(■rt.lly puio cojjiior wflH cold workud upon by draAvuiff jt in \ 
lorni (if a who and wab tiunoalod at oOlI'l! loi about oiglit Iioliih wboji oijndibimni coiidilion.'H \ 
wcio acliicvod. X lay diHiaciion jdiotogiaphs ol' tlio .snmplo at vanoiiK liifrh toinpcMaturos 
wio'o tuUon Th(i Inllioo pariiiiiotiOVH aa obtionod Iroiu tlio pholopiajihs gave a jioiilinoaj jdot \ 
ugaiiiHt Icanjiciatui'O 'I’lio plot of 1 ]in locipiucnl o( tlio \o 1 uhio axpanaiori again, nt tho I’ccipi ocaJ 
ol tlio produi't ot lUo absolnlo toin^uMiitiiic and Ibo Dobyo Imvction foi'onmgy at lhal touiponi- 
tiuo wan loimd l,o bo iionlinoar. .Sinidai roHults liavo boon obtairipd by analysing tJio data 
duo to "Nix and jVtoi Nfaii. An oxponontial foiiu ol Cliuuoiarin cquuliou has bc<'n sliown In 
I'xplain all Ll\n abovo lo.sult.s 

1 NTRO JMM'Tl OK 

Tlio latiico pariunotor of puro oopjier at room tenipcraiure has* boon 
ilolorniirKitl by vaiious authors. A voiy aoc.iirate tlctcrniination on an oxtromoly 
puiv sample of copper has boon carried out by Hume Rotbery and Andrews 
(1942). Reforo tlioin, Essor, Kilandor and Bungardt (193S) also dotorminod 
the same value and (ilaiinod great precision in their meaHiircments, Both these 
groups of workers ariived at the same value, viz., 3.6074 A.LT. at ]8°C. These 
workers liatl also detoi mined the lattice parameter at various high tein]icratures. 
Recently, h]ppelshciiuer and Rcnmaii (1950) have made the saiiie measurements, 

I'lic values obtained by these various groups of investigators were found to 
differ from one another. Miller and Russel (1952, 1953) and Eshelby (1953) 
have shown that lattice defect cause differenees in tliermal expansion It is 
difficult' to decide w'hother this difforonce is to be attributed to the difference in 
purity ol the samples sturliod or to the stales ol strain in them. It was therefore 
decided to nieasiiro the lattice parameters of a sample ot copper of knowm jiurity 
and an estimated amount of residual strain 

IT. EXPERIMENTAL 
(a) De/fcriplion of the sample 

A spectroscopically pure rod of copper supplied by M/s. Johnson Mathey 
and Co. Ltd , London, was used for preparing the sample. Spcctro.seopic exami- 

*Prcsoat udiliOHS. — PhyHJful Molalluigy aucLiou, Ujiivoraity of California, Porkoley, 
California, U.8 A 
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nation reviialed that it containotl ,iii ostnuatod amount ol H m a milliim of nickel 
and locwl, ol I in a luilhon ol silicon, iron and lithiuiu, of D,/) Jii a million of Hilvqr 
and manganese and less than i in a imllKJii of sodium, poiiissium, magnesium 
and calcium. The L'opjier rod Mas drawn into a tlini win; about (1.5 mm in dia- 
meter M’lth the help ol a jeweller’s die The cold M’orking consisted of draMung 
as M'cll as hammering previous to drawing The samjihi Mas llien maintained at 
o(JO‘C tor 12 hours and annealed so tha-t loom temiieratnie A\as reached 

alter 12 horns. Tins jirocess Mas lepeatcd sevcial times till the la.ttici‘ sjiacings 
at 30' (f lieiiaiiHi constant. This mdicatcil that eijmlibriiiin conditions were 
attained. An idea of tlu‘ defecl. mtriKluced liy cold M'orking was obtiiinod hv'" 
measuring the resistivity ot lli‘ .saiiijile at’ i‘oom temjieratiire. Tlie specifir 
resistivity ol this samjile of copper Mas found to be 1 (if , 10“*’ obms/c.c. as against 
1.51()(i '- 10“'* olnus/c c. foi a single ir\stal o( liojiper (Metals Handbook) 

{h) X-u(}j dijfnhctviii Tvcliun}ii(\ 

Foi fhd-eriuining the lattice parameters of cold worked coppei af various 
teiiij)eratii]‘i\s, X-ray poM'^der diffraction techniijue mms used Nickel filtoi’ed 
copper radiations wen* used to irradiate the sample moiiiited on the axis of a 
It) cm high-temfierature camera. 1’he samjile M'as mounted very caiefully 
on file axis ol tJm eainei'a so as to eliminate the slightest, eccentricity. Tlie 
absence ol eccentricity N\'as contirmed by examining the sample througli a poMcr- 
tul microscope Mdiile the sample M'as being rotated. 'Plie sample was so adpisted 
that it M'as found statioriaiy during the rotation for verticeil as Avidl as hori/ontal 
mount of till* microHi'.ope. The teiniierat ure of the sample M as malntaincfl const ant 
M'ith the help of a tlierinostatic aiTaiigement M ithin ( 

Tile diffi action jiattern M'as calibrated against th(‘ poM'der diffraistion jiattorn 
of quartz t/akon M'lth the same camera and under identical exjierimental condi- 
tions l'\jr determining the values of the lattice iiaraiueter accurately tlie M'ell 
knoM'ii extrapolation techniijue developed by Sinclair and T.iyloi- (11)45) and by 
Nelson anrl Itiley (1945) muis adopted. For each observeil value of the lattice 
spacing Vr the corresponding value of the edge length of the cubic cell 'a' was 
(“alculatcd and plotted agaiiLst 

+ - (') 

M'here 0 is the Bi’agg angle. The extrapolated value of a' foi J[0) ~ 0 was 
accepted to be the true value of the lattice parameter. The accuracy obtained 
in the measurement of a’ M'as estimated to be .0001 A.TT 

III R R S U h T S A K 1) DISCUSS! f ) N S 
(a) Thermal Expwnfiioii 

The lattice parameter of copper for various teiujieratures ranging from 27“C 
to 527°C are tabulated m Table 1. The change of the lattice parameter with 
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tcmjioratur© is shfiwii graphi(5ally in Fig. 1. Tho plot thus obtained is non-liiiear 
showing that tho rate of change of lattice parameter is not (soiistant. The values 
of dajdT for different' Leiiiperiitures have been doterniincd from the experimental 
(iurvc shown m Fig, 1 These have been tabulated jii Table II. The experimental 
results shown in Tables T and II can bo summarised by tho equation 



Fig 1. Latfico dimensions of eopper at dil'lerent t-emijoratures. 

^2, 3 01293 -1 \8I x1(HT+3.7x1()-8T2- 5.2x (2) 

whore rfy is tho lattice constant of copper sample at the temperature T^’K. 

TABLE I 

Q^he variation of lattice constant of copper wath toiuporature (obtained 
from tho present investigation). 


Temp. 

a’ A.ir. 

303 

3.6147 

403 

3 6210 

ri03 

3.6276 

603 

3.6342 

703 

3.6412 

803 

3.6486 
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TABLE II 

The values of [daJdT) and tlio ocM^fficient of linear thermal o:?cpansion for 
copper at differoul temperatures obtamocl during present investigation 


Tonq). ‘7i: 

(flaldT) X 105 
A.I) rjc 

Coolf oflinivir 

tlioriiial nv[iii.nKin 
X lO'^ 

:ioo 

G.U 

IG GO 

400 

G 2 

17.12 

500 

G G 

18 19 

GOO 

G.8 

18.71 

700 

7 2 
[iflM 

19 78 

750 

7.4 

20 30 


Values of'rt’ for copper have been obtained by Hume Rothory and 
Andrews (1942) at 291“K. 573“K and 773K'’ rospoclivcly. The difference between 
tlie values obtained by these authors and the aiitliors of the present investi- 
gations may well be due to the changos caused by lattice doficts. Vegard and 
Kloster (1934) reported to haviMibtainod the cell dimensions of cioppor at 74S”K 
as 3.6589A.U. Nix and MacNair (1942) have also moisiircd tlio fractional 
changes in length of copper at various tempera, turcs with rospoc't to its longtli 
fyt 273°K. Their results have been converted into data for lattice parameter at 
various iemporaturcs with the help of present moasuronients. Nix and MacNair 
(1942) have carried out their measurements on a massive polycrystallmo 
annealed sample of copper. Their sample may lie taken to bo more or less 
strain free. It i.s apparent that the lattice dimensions, according to Nix and 
MacNair (1942) were always less than thoso of the sample of coiJpor under 
study. Thi.s may very well bo attributed to the diffoi’once in lattice defect 
in the tAvo samples duo to different residual strains. 

Eppelshimer and Penman (1950) have shown that there is no anisotropy 
in the thermal expan, sion of copper. A study of the thermal expansion in the 
various directions of the cold worked copper did not I’CAmal any anisotropy. 
However, for greater concentration of defects some anisotropy of thermal ex- 
pansion may bo expected. 

The thormal expansion of solids has boon attributed to the anharmonic 
vibration of atoms about their mean position. If the potential energy of the atom 
at a displacement x from their equilibrium separation at 0”K bo expressed as 

U{x) = ax^—bx^—cx‘^ 

whore the terms in x^ represent the asymmetry of th© mutual repulsion of the 
2 
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ratoniH and tho terms tlie general ‘softening’ of tlie vibration at large ampli- 
tudes, the average dosplaeeiiient at temperature T°K can be shown to be (Kittel, 
1954), 


X = ‘ikTbjW 

where k is the Boltzmann constant. Thus the coefficient of thermal exj)an 3 ion 
(J/aio) dxjdT \H expected to bo independent of temi)(‘rature. liowever, as the 
present experiment reveals, the coefliiiicmt of thermal expansion is dejiondent on 
temperature. This dependoneo has been attributed to various types of lattic 
defects. 

(b) Th2 Gruneisen equation 

Gruneisen (1910) established tho relationship connecting tho volume expan- 
sion [dVjdT) of a solid with its atomic specific heat G„ given by 

[ID, 

/I ^ yA'» (7 

\y„ di' y„ " 

3a = ^!! ... (+) 


where Q represents ihe expression Fg/yiCo where Vq is the volume of the solid 
at absolute zero and Xg is tho conipro.ssibihty at the same temperature, y is a 
constant known as Gruneisen constant and a is the coefficient of linear expansion, 
a is thus proportional to (\ and the variation of a with temperature should be of 
the same nature as that of 

The above relationship duo to Gruneisen can be expressed in various ways 
Hume Rothery (1945) has discussed tho various forms and has rccommondod tho 
one due to Simon and Vohson (1928) w'hich stato.s that 


V Fp _ Eip 

Fg' ' Q-KJiJ^ 


( 5 ) 


where Fj. and Fg are volumes of the solid at T°K and O^K respectively, Ej, tho 
energy imparted to the solid during the change in temperature and Q and K are 
constants of tho substance under investigation. Q in Eq. (5) is identical with 
that in Eqn. (4). From Eqn. (5), wo have 


y, 

F^-F. 


Q 

T ^0 


...( 6 ) 

Putting the Debye expression 9JiTD{&IT) for the energy at T“K, where R is tho 
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universal gas constant, D[01T) represent the Dob^'^e function for energy 0 being 
tlie characteristic toinporatiu-o. Wo write 

_Zo__ ^ ^ —A' 

Vt-V^ i)ItT.D{tJjT) 


or 


f Q 

3 ■ a.^,-a^ dMTMifJIT) 


... (7) 


Eqn. (7) clearly shows that the plot of against ] jT J){f)jT) should be 

a. straight line. In fact, rischracisier (1956) ac.tually obtaincMl straight linos 
representing the variation of aJd^,—aQ with IjT.D^OjT) for alkali halides. In 
the present investigations the method useil by Fischimoister (1956) for 
determining the aJiaji—aQ) was adopted. Wo know 


(«j.-"o)K = (<«T-ar)K ( -M ) + 

where ar ropre.sont the lattice constant at the room teniperatuTO Tr. Also from 
Eqns. (4) and (5) with apxn'oximation 

. » I Er CcEf /o\ 

(o,-<»o)K “ 3Q ~ -(j- 

where Er is the energy of the solid at room toinporaturo and is the atomic heat 
at the same temperature rty, ar and a are the experimentally determined quantities 
Ej and were calculated from appropriate Debye expressions and thus 
(flf^'— ^fo)/^'o obtained. 

The plot of aJaj,-aQ vs l/T.D(0/r) is shown in Fig. 2 A. It is found to he 
nonlinear, more or less parabolic, in contradiction to what is expected. 

The nonlinearity of the above plot can bo attributed to one or more of the 
following reasons : 

(1) Change in the Debye characteristic temperature due to cold working. 

(2) limitations of the Debye approximation in deriving the expression foi 
energy E^. 

(3) inaccurate value of a obtained by the extrapolation embodied in Eqn. 

(7). 

(4) variation with temperature of y the Grruncisen constant resulting in 
change of Q with tomperaturo. 

Non-linearity in the afo/(«r-'®o) ^8 }IT,D{0IT) curves for a number of cubic 
face centered metals has recently been observed hy Mitra and Mitra (1957). In 
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Fig, 2. Plot of — — against for copper. 

Oy — do "y 

Ofl — latlic constant of coi>per at O'^K. 

». >1 M » f» T^K. ' 

T 

Ejf — \ 

Co = atomic hoat of copper at constant volume. 

A — E ji oalculutod fiom Debyo formula. 

B — Eji calculated from experimentally oblainod values of C^, 

r 

order to eliminate uncertainties duo to (2) and (3), Eji — J dT can bo deter- 
mined from purely experimental values and a„ can bo obtained by extrapolation 
of a^i vs T curve at very low temperature I’ogion. 

(f) Extrapolation of a 

For tlio above purpose, it has been found convenient to analyse the data duo 
to Nix and MacNair (1941). Their data have boon acclaimed to be extremely 
acicurato and cover a very wide range from 80°K to 800 ^K. Moreover, the data 
aie for noncokhvorkod sxieciiiion of pure poly-cryatallino copper. So the existing 
specific lieat data will bo applicable to it Nix and MacNair (1941) have tabulated 
the value.s of Mjl the fi’actional change in length with temperature, I being the 
length at 0"C. In order to convert the data duo to Nix and MacNair (1941) 
to that suitable for drawing the « vs T curve, the value of a at 30*^0 has been 
taken to bo 3.G147A.U., the value ol)tained by the present authors. Aa/ao = 
5.047 X 10“^ according to Nix and MacNair (1941). From this a at 0°C his been 
found to bo 3.6129 A.U. Values of a at various teiuperaturoB have been deter- 
mined in a similar way and have been plotted against respective iompovaturos. 
This curve is shown in Fig. 3. It will be seen that the curve shows an almost 
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Fig. 3. Plol of laltico constants of copper at different toinporaturea. 
Data due to NiX and Macvair (1941). 


linear declination with fall in temperature but showa a sharp bend after IfiO^K. 
The curve in the region 80°K to lOO^K can be fitted with the ccpiation. 

aj, = 3.60306-1.75 Xl0-®T+2.6X10-’T2 ... (9) 

from the above equation, the value of a at absolute zero has beeu found to be 
3.60305. 

(d) Evaluation of Ej, 

T 

For the evaluation of E^, = J GydT, values of Gp at various temperatures 
0 

tabulated by Furukawa and Douglas (1957) wore plotted against corresponding 
temperatures. From this plot required values of Cp have been determined. 
Values of G^ at various temperatures have been calculated from the thermody- 
namic relationship. 


^ rt Kj,.T 

jp-— 


( 10 ) 
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whero js the cnefEi(;ient of linear expansion at T°K. 

Krj, is the buUc modulus at T°K. 
fhj^ is the density at T“K. 

and J is the mechanical equivalent of beat 

-T ^ I calculrited from the graph in Fig. 3 and with the oxtra- 

\ tf,j, / T 

polatod valuta of taken from the date of Overton and Oaffney (1955^. 

Pyr was calculated from the experimentally obtained values of aj, and from space j 
group considerations. The values of at various temporaturos thus obtained 
were plotted against the corresponding temperature ami the area of the iilot en- 
closed between O^’K to gave the value of J C^^clT = Ej, at T^’K. 



Fig 4. riot of loguntlim of a y against E y*. For oxplnnatjon of symbols 
aeo caption of Fig, 2B 


With values of Uy,, Uq and 7i7y, thus obtained «o/«y,“U„ was plotted against 1/^y, 
for various values of T. The resultant curve is shown in Fig. 2B. This is 
non-lincar although wn’th lesser curvature than Fig. 2A. 

(e) log nj,—Ej, curves. 

In this connection, it is interesting to note that the plot of log^ Uy, against Ej, 
as shown in Fig. r> is linear. The intersect ion of this straight line with the axis 
of Erp — 0 yields the value of log, from which Ug is found to bo 3.6024A.U. 
The plot of a^) against 1/iJy. from this value of Ug is observed to be very 

nearly linear in agreement with the Gninciscn equation. It thus appears to 
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1)0 ovidont that the non-linoarity in Fig. 3A and Fig. 2B woro duo tn 
inacoiu'ate valueH of a^^. Tlio t'orroct value of is ohtaiiicd from the plot 
in Fjg. 4 wliieh suggests the equation. 

( 11 ) 

C being a eonstant C hm been calciilatod from the .slope of the straiglil lino in 
Fig. 4 and is found to bo idiaitioal with wlicro Q 120 X 10 eal/inol it i.s the 
same value as used by Nix and MaoNair (1941) to lit tlieir lesult uath Eqn. (0). 
Tliua from Eqn. (10). wo can UTite 

Oj, = 

— ff(, I 1 -|- jloims involving higher powers of 
=Uo(l-| Eqfj^Q) vhcro Eri^jSQ is small. 


- ^QIE, ( 12 ) 

which is Iho same as Eqn. (6) but for tho correction term K can be talcei/caro of 
by modifying Eq. (11) into = Qq which reduces to Simon and 

Volison form of Gruneisen ccpiation in the first a[)proxmiation provided that 
it thus a.ppear.s that tho coriect rclationshii) boLwoon r/y and Ef is given by Eq. 
(13) vhich reduces to Gruneisen relation.shi]) in tho first approximation. It is 
po, SSI bio that the slight departure from Grunei.son rclatiomslilp shown by most 
metals is natural consequence of equation (13) and neotl not be corrected b^^ as- 
suming fictitious values of either the Debye cliaractoi i.st.ic tcnqiorafcurc as suggested 
by Nix and MacNair (1941) or for Q as sugge.stcil by llunie Rothory (1945). 
However, Eipi. (12) should bo te.stcd at veiy low temperatures l.o ascertain 
whether the value of obtained from it is conoct. Wo aj‘e carrying on investi- 
gations on other metals and alloys to find out whether Eqn. (12) holds good fo 
thorn too. 

A C K N O W L E D G ]\r E N T 

The author, s express tlieir grateful thanks to Prof. K. Banorjeo and 
Prof. »S, Gupta for their kind interest in tho work. 

11 JC E E R E N 0 E S 

Crusaard and Auborlm, (1949), Itev. Mvtall., 46, 3.14 

EppoJsUoniior and Ponmun, 1950, Phyt^icn, 16, 792. 

Eaholby, 1953, .7. Phy/t., 24, 1249. 

Es.S 0 r, Eilundor and Burigardt, 1938, Arch. Eiaen liutle-mif, 12, 157. 

FischmoJstor, 1956, Acta Cryst., 9, 41 G. 



472 


G. B. Mitra and S. K. Mitra 


Furukawa tind Douglas, 1957, Handbook Amer. Instt. of Phymcs.f p. 396. 
GriiiKUSoii. 1910, Ann. Phys. Zy2>c.,33, 33. 

Hunio Kotlwiry, aiicl Androws, 1945, J Inst Metals, 68, 19. 

JTiiiiui Kcithcry, 194.5, Proc. Phys. Soc , 57, 209 
19.54, Solid State Physics,, John Wiloy. 

JiiiWHoii, 1950, Phys. Jieo., 78, 18.5. 

Motiils Handbook — Ainorn-an Socioty of Moiafs (1945) 

Millor and Kus.sol, 1953, J. l^hys., 24, 1248 

Mdi'a and Milm, 19.57, Nature, 179, 1205. 

■Nolaon and Tidoy, 1945, Proc. Phys Sor., 57, 100. 

Nix and MacNair, 1941, Phys. Rev., 60, 597. 

Nix and HacNair, 1942, Phys Rev., 61, 74. 

Ovorfcon and Gaffnoy, 1955, Phys. Rev. 98, 909. 

Sof'ger, 1955, Ilandbuch dcr Physik, 7, 392. 
iSiinon and Vohsnn, 1928, Z. Phy.s. Chejn., 133, 165. 

Sinclair and Taylor, 1946, Proc. Phy. Soc., 57, 108. 

ITno, 1951, Chem. Abs., 46, 0890., Bu.ssicron Kenkya, 36, 32, 

Vogard and Kloaler, 1934, Z Kriat., 89, 6G0. 



S3 


ON THE POLARIZATION OF RADIO-WAVE 
TRAVELLING THROUGH THE IONOSPHERE 

j 

S. K. BANEKJEK aud S. R. KHASTGIR 

UnIVKHSITV CdLLEGK of SriENt’E, UjSUVEBSlTV OF CaJA'UTTA 
(liecftocd, June. S, 196H) 


ABSTRACT. TJio hmitjng polarization uh doducorj by Haket and (jlieen without 
taking the uaual Appleton- Hart rep formulue hfw been ehown lo be identical with the limiting 
polarization deduced directly from the Appleton- H art roe lorinula From Bniley h formulae 
for the amplitude-ratio of the normal to the abnoiraal eompoiiei)t.s of the inagriotic 
vector 0 ^ the radio-wave, tho phaso-dilTeronce between them at any level of the loiioephero 
luiH boon deduced foi r Vc where la the critical oollisional freipiency. It lina also been 
ehown that fur r vc the* amplitude ratio ir noaily uuaffooted at any level by electron 
colliKional frequoney 

1. Identity of the expression for the limiting polarization as given hy Baker and 
Green with that deduced directly from the Appleton-Harlree formulae 

Without taking tlie usual Ajipleton-Hartreo formulae (1927, 1929) it was 
shown hy Baker and Green (1933) tliat the limiting polarization Eg given hy the 
roots of the following eiiuation . 


n 


where 


E 

jRi 


sin W 
eoB 6 


if ^ 

v-p 


Pii= 


ell 

me 


( 1 ) 

( 2 ) 


0 — angle between the direction of propagation of the radio-wave and 
the positive direction of earth's magnetic field. 

Ey — component of the electric vector along OY (Fig. 1). 

El = component of the electric vector along OT (Pig 1). 

H — intensity of earth’s magnetic field . 
e,m — electronic charge and mass. 

V = electronic collisionaJ frequency, 
c — velocity of light in vacuum. - 
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2 



1. C()-ordinn.U' HyRimi URP«J by Hakor ami 
(Ji'Hpn. OS — AvnvBmiimal 
OT — wavefront 
K - earth’fi mnnnetic field 



- > » > X 


Fip 2 liiglil -liniided ro-nrdinati 
Ryfliem used by Ap])le(on 
OX — Ava\u nonaal 
H— eartli’M Tnugnpi le field 


Wlicn the riglil -lmiidod (‘.o-ordinaie system of 2 is used, where the direc- 
tion of propagation of the radio-tvave has l>een inkeii along OJS^-axis, it can he 
shown that 



where 

hz -- eomijoiient of the magnetic vector along OZ (Fig, 2). 
hy — component of the magnetic vector along OT (Fig. 2). 
From Eq. (II) 


hz 

hy 


) -jii« 


Solving Eq (1), we have 


Flitting the value of l^jnsnid g' from Eq. (2) in Eq. (la) 

- 


eH si n^ 0 

2mr cos 0{p~jw) 


4m‘^c^ cos^ 0{p- _^'v)“ 


Since the critical collisional frequency is 


prj sin’-* 0 1 eH 

V, -r ^ " -- - , where = — 


2 cos 0 


li e get 


ilV 7-^^. t-- 

p—JV V {p—jvY 


CJa) 


(la) 


(Ih) 


(le) 
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Using (Ic) ami (3a) : 

[hyl -^L P-J'^ ^ J 

This equatu)ii can 1)0 dedinsfd directly fi’om the Applet.on-Hartree lorniula. 
Appleton used the light-luindcd i!t)-ordinate systeiii fd Fig 2 ami the polarization 
IS given hy 



J [_ r-/ ^ J' 

Vi L 2(j-ha hV^) V4(I r 


(- 1 ) 


Umiig a = p^Ip,;K ft - p„‘ = inNe'-^jm. y ,y - pPi.^iVa 

E(| (d) ean he vritien as 

f-- I ■/> 21 

Pj^ TP^) ^ -P^ ' 


(+a) 


Hence the limiting value is obtained by \nittnig — 0 (i e. jV — 0) in Kq. (da) 


R--I) 

")-j ■ 

-J- 

Vr'-^T. +‘l 

\h 

i/I ■> L 


^ iv jv)“ J 


It Ls seen that E(is (id) and (4b) are identical. 

2. Euahialion of the phase-differeme behveen ihe no) null aiul the abnornml Compo- 
)ie)dfi of the nuujndlc vector of a radio-wave at any level of the ionosphere for 

V < < v<. 

It was shown by Bailey (1034) that the amplitude-ratios ol the normal to the 
abnormal components of magnetic vector are given by 

eot0„l for the 0- mode , ... (5a) 

L <t2 J 

and 

= a\ 1+^^ cot^pl for the A-mode . ... (5b) 

L J 

vdiere 


« = MVi+r+Vi+n 

Y=‘>_MI 4- w 


... (6o) 
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r = -2 I W 

di = vc/v, da -= vclp\ p’ =^p 

00 == phase-difference for the 0-mode. 
Using Eq. (5c), it can be Bho^vn • 



... (el^) 

2v) 

Using Eqs. (5a) and (5lj) and the relation, p^p^. — 1, 

... (6by. 

cot^„ = i-jV 1 - 

’ a* 

... (7a) 

When v<<Vc, wc get from (6a), (6b) and (5c), 


y.-=: 

... (6o) 

Henco rt'^es-r 

Using (6d) and (7a) 

... (6d) 

tan 00 ==: ± - V 

V ^ Vc 

... (7b) 


According to Murty and Khastgir (1960), 0(, lies in the first quadrant for the verti- 
cally downconiing wave m the northern hemisphci’e, hence taking the positive 
sign in (7b), we have 


tan .,.(7c) 

V Vp 

Similarly, for the vertically downcoming radio wave in the southern hemisphere : 

tan 00 - -v/ ^ ^ 2 

V y Vc^ 

From Eq. (7o), wo can draw several conclusions . 

(a) At the level pQ^ = p^ (i.e. p‘ =i0), the wave is plane -polarised. 

(b) The sense of rotation of the magnetic vector is reversed when the wave 
crosses the level po® = p'**- 
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(c) Since at tlie lower boundary of the ionosphere, p' — p and at tlie IcTol, 

= 0, the phaso-difference gradually increases from zero to a certain 
value depending on p, v, and as the wave comes down from the level, p^ = 
to the lower boundary of the ionosphere. 

(d) At the level p^^ P^— PPb> 


[tan^o] 

3. Effect of electron oollisional freqmncy on the amplitude -ratio at any level 
for v<< Vc 

Tt can be shown from the Apple ton-Hartreo formulae (1927, 1929) that the 
amj)litude-ratio for the ordinary mode for vertically down-coming radio-wave 
in tlie northern hemisphere lor zero colhsional frequency is given by 



(«) 


where 


p' 



Vc = Pb cos 0 


From Eq. (8), it can be shown . 


i±£l] ^ 

l— /V 


It has been shown by Murty and Khastgir (1959) that 


= ^ V _ V' 1 
~ Vj L cos 00 sin 00 J 


and 

p' 1 

Vc L COB0O sm0o J 


(9) 


(10a) 


(10b) 


where 
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Using — 1, we Iiave from Eqs. (10a), (10b) 

V y)' 

_ ci)S<j>„ sin^Sj 
ro r 

^ V . P 

(U)H (pQ Sill 0y 


llencc from Kq. (10c) 


il+i'.n 

[ \ ‘ \p 0 


— , tan 0u 
P 


Using (II), (7c), 


H/^oM , \/V 1:^'^ 


... (lOo) 


(11) 


(lla) 


and from (lla) and (9) . 

L/^o]^ 0 — L/^oJ*'"(> 

This means that at any levtd ol ilie ionosphere, the amplitude-ratio for the U-niode 
is lU'arly unaffected by electron collisional frequency provided the critical colli- 
sional frequency is much larger than electron- collisional frc*quency. The same 
conclusion can lie drawn for X-mode also. 
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THE CHAPMAN-COWLING SECOND APPROXIMATION 
TO THE VISCOSITY COEFFICIENT OF BINARY 
GAS MIXTURES 
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ABSTRACT The iiflditionw] brnt-koi/ mtcgrnls noerloil foi llie Chniiman-Cowlmp 
soooticl approximutioii io the l•oo^[M•^ont. ol viHcoflity of n biuuvy gas inixfuro, I’Jjmrb- have 
boon ropoi tori 'Pho ngoroun oxproHHion la further ainijilifiofl vvlioin tho ajiproxi- 

iruitiori -M is valid and alao for tlio caao whore tlie additional condition 
holds Numerical cidcuUitions foi tho specific Byatoms as well an for cerlain ideal casea luivo 
boon performed Io examine and demonslrnte tho accuracies of tlie now lormiilno doiived 'Phe 
maximum contribution ol tho second approximation tor most of the actual Hystema will bo 
o( the order of ono pei cent,. 


I N 'P R 0 D U C T J 0 N 

Ivoeenl attempts to measure the transport coefficients to a liigh degree of 
liTPcisinn and their sub, sequent analysis to determine the iiite rmoleeular forces 
in conjunction with the Ohapman-Enskog theory hav(‘ nece,SHitated the knoM'ledge 
of more accurate theoretical expressions than were available till a fcAv years back. 
In tho theoretical formulation of Chapman and Cowling (19fi3) all the* transport 
coefficients ai’c finally represented by an infinite scutos and the (;alciilation of 
higher approximations involves only the evaluation of increasing numlicr of terms 
of tins .series. Tn ihi,s fa.shion gaseous diffusion, themial conductivity and thermal 
diffusion have already been investigated to some extent, and in the 
present paper we consider tho coefficient ol viscosity of a binary mixture, 
VnuiE- ^nly the formulation as given by Chapman and Cowling (1953) will be 
consiflered and an alternative treatment aiw.ordmg to Kiliara (1949) and extended 
Kihara scheme as given by Mason (1957) will be po.stponed lor the time being 
till more numerical calculations arc [lerformod for the specific systems and its 
need is realized. It may be pointed out that the accurate determination of 
visoosiby ol gaseous mixtures is being pursued in several laboratories and that such 
data may he u,sed to evaluate the molecular potentials is indicaterl by Hirschfelder, 
Taylor, Kihara and Rutherford (1901) Srivastava (1001) has already used some 
viscosity data to determine the unlike interactions of several ga,s pairs. For 
an accurate interpretation of all these works the analysis of higher approxima- 
tions will be essential. In this paper we give the expression for the second 
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approximaiion to ijmix and discusa results for the Ar-He and He-Xe systems in 
detai land a few other cases of interest. 


EVALUATION OF BRACKET INTEGRALS 

Tlie determination ()f higher approximations to transport coefficients accord- 
ing to the procedure of Oliapnian and Cowling (1953) essentially involves the 
evaluation of a set of bracket integrals. The details of this calculation are given 
by Chapman and Cowling (1953) and will not bo repeated here. Some of the^ 
Ijracket integrals have been evaluated by Chapman and Cowling (1953), and 
Mason (1954, 1957). The additional integrals needed for the second approxi- 
mation to 7/^43- are listed below 


|70s2,j'’.>> 


28n,, 


2112, ^ 612„'*.»>], 






L Tf 2 J 12 


23I\M\ 

3(J/i4^2)' 




r70if,n„<'.»-28Jlfil2„'i.=H-21Jlf,n„>V>-6j|fj!2,2«,>i], 


~\ (154JM^Jfa-147ilf32))nj^(^2)-84M»aJ2i2‘^3’ + 12ifV2i2‘"’^‘ 

-1 


Here the bold letters refer to vector quantities, are the Chapman- Cowling 

collision integrals, 31 ^ and ilf™ are the molecular weights of species 1 and 2 res- 
pectively, and rest of the quantities are as defined by Chapman and Cowding 
(1953). 


THEORETICAL FORMULAE FOR VISCOSITY 

According to Chapman and Cowling (1953) the coefficient of viscosity of a 
binary gas mixture, is given by 

»/».« = ... ( 1 ) 
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where X^ is the mole fraotioii of the spooios k is the Boltzjnanii’LS constant, T 
is the temperature of the gas niixliire, is a symmetrical (leh'nninant of order 
2}n, whoso general ti'rm is ^^'llero i and j range from —m to H- ia, oxeluding 
zero, the minor of obtained suppressing the row and colnnin containing 
b,j is denoted by The determinant elements h^j neceKsary for the first 

apju'oxmiation, ni. — 1 ni E(|. (1) nsuall}'^ denoted by are already giv'^en by 

Chajiman and C\mhng (1953). Now a da 3 's it is more liommon to use the reduced 
collision integrals, Mbich are defined as the ratio ol to its 

value for the rigid sjilicre model, llirsehfelder, Curtiss and Bird (195-1). In this 
notation Eq (1) becomes 


Vnnx — 


RT 


MJU V Tt 


in I \ . 


4 11 A'jXjB'’"']- (2) 

where iV is the, Avogadro’s number, R is the gas constant per mole, cr^,, is a distance 
parameter eliarac tori h tie of tlii’ interaction between tno moleeules of types 1 
and 2, and its exact definition follows from the i»artic.ular form choscui for the 
intcrmolceiilar potential. and arc again defined m the same fashion 

as in conneetion nitli Eq. (1) except that b^j arc now defined differently. The 
Eq, (2) quoted b.y Mason (1957) contains a misprint. 

The calculation of according to Eq. (2), requires the knowledge of 
determinants, and lienee the determinant elements, 

b^J. The additional h,j needed for the second apjivoximation 7/; — 2, in Eqs (1) 
and (2) usually denoted by have been evaluated by iSaxeiia and Jusbi 

(1903) and will not be reproduced here because of their length. 

The formula for can be Biinplilied for certain limiting cases of binary" 

gas mixtures. The s^sstems w'lieie cither of the components is present in small 
euncentrntioji is not vciy mterc-stiiig because f-ben the system reduces to llie case 
f)f a pure gas for which the taintribution of higher approximaf ions is knouai. 
The ease when >> Jfo, so that higher powers of ilf — {MJMj) are negli- 
gible, is interesting. Much simpler expressions for the four (loterminants of 
Efj. (2) are obtained if these determinants are expanded and only those terms are 
retained uiiich contain the c?xplicit power of 31 smaller than two. The simpler 
expressions arc 

( 3 ) 

(4) 

2-2(&U 
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If llio additional condition 0 -^ so tliat terms containing 

arc negligible, the above expressions get further siniplilied The tirmi rcisultb arc 

... (7) 

- {b',,+{XJX.^B\,,){b'_,^b\,., 

iXJX,)B\,){h\, I {X,IX,)JU') 

{b':i‘,-\-{X JX )“) 

7?jj" are obtained from c.orrcspoiiding b^,, by substituting — 2fr^n 

Even for those systems where M is noi. .siilliciently small faiily ac-curaie Auiliies 
[^finxla olitained from the above equations if lOcj (11) is replaced by the 

following 

/j(a) ^ ^>-2-2-/^®-i-2)” b.,^{b_._. b\ , 

2)-- ?hl('^ 2- 2^“-12H- 1 -/^2-2)' • • (H ) 

The additional terms m Eq. (II) arise from those (dements of the (lliapman- 
Cowhrig determinant, B^‘^\ which contain the product of two diagonal terms. 
Such terms do not occur in Eqs (4) to (0) which therc'fore remain niialtcu-t'd 
This procedure has also piovcd v(uy sucecssfiil in imjirovung the acciirades of 
the siniph^r formulae lor the (Uiapm an- (fowling .second approximation to the tluT- 
mal diffusion factor of the hinary gas mixtuivs, Saxena and Joslii l!l().‘Jh) 

R 1C S tJ L T S AND D J S O U S S J O N 

Sample calculations were first jieiTormed to estimate the accuracy of tlu* 
approximate formulae derived m the pnwious section. It was found that for 
values of M < (1/30) tJie approximate formula, Eq. (2) in conjunction with Eq.s. 
(3) to (6), yield fairly accurate values Thus, for the He — Xe system the rigorous 
and approximate second approximation values differ only by 0.037%, while tbe 
difference between the values of the first two aiiproximations of is I G%. 
This calculation was done according to the rigid sphere model and it was assumed 
that (riil(Ty 2 = 1.387 and XJX.^^ 10. For systems wluue il/>(l/30) it was 
found essential to replace Eq. (3) by Eq. (11). Computed values of fjmia- foi’ fhe 
specific case of He-Ar arc given in the Table 1. It is seen that tlie maximum 
difference between the approximate and rigorous values is 0.00% Equa- 

tion (2) in conjunction wdih Eqs (7) to (10) is also quite accurate iftTu >> (t^^- 
Under this condition and on the rigid sphere model for M ^ (1/30) the apiiroxi- 
mate lf]„nxk value differs from the rigorous value only by 0 03 %, while the second 
approximation value is 2.8% greater than the first ajiproxima'tion value 
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In j^nncral, the dilTc'R'uco Ix't.wneii l.ho fii’hl and .si'ctnul apfn'oxiniaXioiiSi to 
depend n])on (lu' ienijieral.iuo, toni])osili(ni, on tJu* nature ot tlie in(.er- 
nioleridar polentiaJ and will dilfiT Iroin svslLnn to SNuLein Foi- the lie-Ar s\slein 
on tile li^id splieie niudeJ il it is assumed that - I we liiid (iliat the per- 
centage dilleienee hetwTen the first two ap|)ioxininl ions is 1,2 ^^llen - JO, 

and 0 9 wIkmi A', /A 1. The e.iU'iiLdions reported in fhe Tahlt' I for this system 
on a reahslie niodifual Ihiekingliam exp m\ |i(j(cntial ni eoiipimlion wdli file 
potential xianiiiiefers gn eii liy Mason (11)05), leveal flint llu' ni.iMnunn eonlrihuLion 
oJ fin* seeond apjiroMi nation is only 0 The eonfiiliniion ol the se<-oiid a])proxi- 

niation will usually j'ednce as J/ re<hiees 'riins, hen i1/ is u-dneed from (I /Ilf)) 
to 10 fill* eonti ihution of seeond appivixiinatnm (alls lioin 2 S t(» I. lor the 
rigid spheric niodel and with tin* assiim])ti<m f.hat rr,.^ _ cr^^. 

To see tlii' de|)eiid(‘nee on eomposilion wi* tonsider the expi'i nnenf.al data, 
ol JticlYcld. Itleaiieck and Akin IHn Berg ( 1 058) for He-Ar system af T 201 I K 
Tli(*se data are lisfed in the Table 1 and involve fhe experimentaJ iinei'rf.aiiity of 
aboni 1%, Jt is seen fiom this table fliat file difTeimu f' ln't wei n the first and 
s(‘cond approxnnatiuns does not vary nnn*h with Ihe eoni(io,sition though it exhi- 
bits an ineri'ase as the jiiojioition of the lighter eomjionent iiKTi'iises in fiu* inixture. 
Thus, though the eontrilnifinn of the second a])pi oxnnatioii is eompaiatively 
small yet ils knowledge is ('ssmitial in view of fhe high precision (- 0 !';)(,) atfain- 
able 111 till* nieasuienieiif s of \iseosity, Kestm and Leidimfri'st (1050) 

Another point to note in Table J is that eonsi deration of higher a[)]»roxiimilion 
fo ?/v/iu iiinstly improves the agr(*enieiit between tin'orv and I'xjiernnenl Bnrther, 
the theoretu ai values of aeiairdmg to tin* ex|i-six jiotential are in lief.ter agree- 
nient wath lh(‘ experinu lit than the Ccdoiilalerl \ nines ol llieh eld rl al. (1058) 
on Liie iamiliai Lennard- Jones (12 0) jiotenfial 'Idiis again l(*nds fo snnjily 
(<mhim the eaiiiiT view' of AVeissnian. Saxena and Mason (lObO) that tlu' exji-six 
IS a better potential foi Hii-Ai system than L — J (12-fi) yioUmtial. 

it wull also be inferi'sfiiig to examine the eniitiibiitjon of the si'emid apjiroxi- 
luation at still higher teiuiieratures To in\ i‘stigaf(* this wi* choose Jfe-Xe systi'in 
for W'hieii (diajmian- Knslcog theory fiolds iigorously and fhe two molecules are 
widely difleri'iit. 'fhe caleiilaijons lia\ e been iierformed aeeording to L — J(J2-fi) 
potential and using the Eqs (2) to ((>) The jiotenfial ])aiameters for He (i // — 
10.22'K, (T — 2.55(iA) as given hy Ifiisrhleldi'i , fintiss and Bird (1051), and lor 
Xi of Whiilley and NeJiiieider (1055) were used Tlie reason for ehoosing fiiis 
particular sid for Xg lies m its ability to eorrelate all tin* oliseryed properties as 
shown hy Saxena and Joshi (I0fi8i;) 'fhe parameters for the unlike mti'raction 
Avere computed by the conventional comliination rules a i/.., geomeliie iiieaii ride 
for and arithmetie mean rule for cr^_,. J’lie final results an* tabulated in 'fable II 
The contribution of the second approxuiiation jncr(*nsts with tem]jerature and 
also with the increasing percentage of the lighter component. 
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TABLE T 

Experiiiiciil^a and c.alculatod value, s of in //P for Jle-Ar Rysiom al 
T — 2!)J I'^K as a fuiieLion of eoin posit] on 


% 

Hb 

‘hmx 

ThooroLioal 

Ow/ r 

values 

Poiccnijigo 

dovjiil.ioii 




Columns 

3 and 4 

Colmnnjs 

4 and 5 

11 4 

222 3 

221.48 

222 0 

222.06 

0.2 

0 03 \ 

10 G5 

22 >j :j 

223 27 

223 03 

223.98 

0,3 

0 02 \ 

\ 

20. 1 

224 0 

223 40 

224 05 

224 . 10 

0 3 

0 02 

20 2 

228 J 

225 . 32 

225.00 

220.08 

0 3 

0 04 

38 2 

220 4 

22G.83 

227 77 

227 . 06 

0 4 

0 05 

51 0 

230 0 

228 27 

229 27 

229 34 

0 5 

0.03 

53 0 

231 -] 

228 45 

229.03 

229.49 

0 5 

O.OG 

50 4 

230 4 

228 34 

220 38 

220 40 

0 4 

0 01 

70.2 

220 0 

220.58 

227.02 

227 75 

0 4 

0.00 

80.1 

222 0 

221 56 

222 68 

222 85 

0 5 

0.08 

80 7 

210.1 

211.97 

213 30 

213 51 

O.G 

0 00 

♦Values obLaiuod Iroin ooi). (2) in coniiuicUoii with oaus. (4) Lo (0) and (11) 





TABLE If 



Tlic 

ratio 

for 

the lle-Xc 

system at various temperatures and 


and composition on L — J(12 ’ G) potential 



% 

T 








300 

600 

1000 



A'j 

: 'K 






0 1 

OOOl 1 

L.0078 

1 0077 

1.0076 



25 

1 . 0067 

1.0077 

1.0083 



50 

1 

0058 

1.0066 

1.0077 



75 

1 

.0023 

1.00.58 

1.0065 



01), 

.0000 1 

.0002 

1.0027 

1.0050 
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ABSTRACT. Tho r-controids of ) systom of I*N hiivo boon, invoeWntofl 

using a J\lorso Potontuil fuuotion. I'lie upiilicubiliiy of tho Morto pol.oiitial lor llio i^oscnt 
calcnhition Ikib buon ]U'=5tifioLT from Pokoris relation and by a rompurihoii of tho ; ,n,i, anch r„jai^ 
obtainoLl from Morso potonl.ial ivith thoso ovaluiitod from tho ‘tmo’ potential. Thu calcuiatod 
values of tho show thnt increnso.s with h/v", that tho potoutuils aro not vary anha^ 
monic and nro not very broad. Tho graphical and quadratic equation methods” yield valiios 
of r- centroids which are in good agroomont. 

INTRODUCTION 

.Diatomic molecules ol atoms of groui) V of the periodic table arc of special 
interest because they have nearly the same mass as the hetcromiclear mole- 
cules derived from atoms belonging to group IV and VI respectively and have 
the same number of electrons. In fact each molecule of the former typo is found 
to be snuilar to two molecules of the latter calegorj’- e.g.. PN similar to SiO and CS. 
Tho vibrational coefficients of the ground state of these isoelectronic molecules 
show a similarity in regard to the trend of variation and the order of magnitude. 
But in tho case of the excited states of the 22-elcctron molecules SiO, OS and PN, 
numerical similarities of the electronic energies and vibrational constants are 
noticed only beiv/ei'n PN and OS. Recently McGregor. Nioholls and Jarmain 
(19G1) have evalnaied tho Franck- Condon factors and r-iiciitroids for tlio A'n 
— X'S ' system of SiO. The r-centroid is dependent on both the clccLroiiie slates 
involved in the transition and is cs.sential for a study of lig the electronic transi- 
tion nioiiient. It was eonsidered desirable therefore to calculate tlu' r-centroids 
for PN and compare them with those of the corresponding isoelectronic moJecule,, 
viz., SiO. 

THEORY AND METHODS OF CALCULATION 

The r-coniroid n-'i" of a molecidar band (v*-^v") can bo defined as (Nieholls 
and Jarmain, 19.50). 

r^ten = dr / ... ( 1 ) 

and is an average internuolear separation wliich can be associated with that 

m 
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particular tranRition, The are tlio vibrational cij^ciifnnctions and r is the intor- 
nuclear distance. The squares of the overlaj) integral Ji//,,- 1 //,.-/ dr gives the Fraiick- 
Condon factor. A knowledge of iho r-ceiitroid and tlu' Fran(‘,k-Condoii factors 
and band intensities will enable tln^ evalnation of tlie (h‘|)endence of electronic 
transition moment B,, on interimclear distance r 'flie r-eentroids for the % 
system of PN have been evaluated by tAvo diHVrent (iomputatioiml teebniqiKiS. 
As both the methods assume tlie validdy of the Morse potimtial type ol exj)reKsion 
for the molecule, one has to first examine if a potential liinctjon of the Morse type 
can reasonably be used to apjjroximatc tlio ‘true’ iiotentials of both the eh'ctroiho 
states involved ni this band system. This was donii by dotennining the ‘true’ 
potential curves by tJie Kleiii-lfiiiiham-Jariuam lueifiod (.farmain, 19511) using 
data given by llerzberg (J 950) anti compearing th(‘ corresponding points on the Mtirse 
polential cuiwcs. The values of and fee tlie various vibrational kwcls of 
the two electronic states are given in 1’able I 


TABLE ] 

Ground state of PN(*Z^) 




I'm in 

r?)niT 



True 

Morso 

'J'ruo 

T\IorRO 

0 

1.4424 

1.4411 

1.5449 

1 5436 

1 

1 4098 

I 40.58 

1 5881 

1.5841 

2 

1.3888 

1.3821 

1.6199 

1 0133 

3 

1 3724 

1.3631 

1.6472 

1.6379 

4 

1.3588 

1.3409 

1 6717 

1 6598 

Uppor state of PN (V) 

0 

1.4935 

1 4934 

1 .6064 

1.6063 

1 

1 .4584 

1 4588 

1 6551 

1 6547 

2 

1.4300 

1.4354 

1 6913 

1 6906 

3 

1 4187 

1 4178 

1.7225 

1 7210 

4 

1.4045 

1.4033 

1 . 7508 

1 7496 


It is seen from Table I that the Morse potential is a very good approximation 
of the ‘true’ potential of the ^tt state as well as that of the ground state ' . An 
additional check on tlie valiflity of the assumption of a Morse potential for the 
molecule was made by calmdating the a/s from known molecular constants by tho 
Pokeris relation (Pok cris, 1934) 
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and roiiiparing ilanii wil.li ilit* (‘xperinicn tally oljsorx'c-d values of a^. These arc 
iudiraied in Table IT. 


TABLE II 


Ri.m- 

Cii'L'ulalod Obsorvor] 

0 oor>w o oons? 

A‘7r 0,00«(»3 (».U0()23 


Tlic (h'vjahoii of the- obsen'^ed values of a,, from the values given by (2) servu4 
as an indication of (be dmualiou ol the Morse finu-lion from tlic actual potential' 
function (Her/lierg, IbiiO). 

(ii) 77fc Ctwphfcrd. Mcihod . Nicliolls and Jarniaiii (IDdli) have given (lie 
follow ing expri'ssion for the r-centroid Tv'^" . 

- E,>' -- I)^\ I - exp( 

-J)^\ 1 -exp[ -ajr,,',r - . . (:i) 

i^’hore 

-- (o,(v l-.j) (o,.r,(t>-l \l2y 

* 4(oi,r,), 

a, -- ().243534r//^(o3,3>)Jt 

in v^iich is the reduced mass in atomic weight units r^.i — equilibrium 
internuelear distanea* in tbo state i. The values (say y) of tbe exjiression on the 
R. H.S of the eq. (3) are conquited over a suitable range of values for r 
at intervals of 0.02A and the values of fo'o" appropi'iale to the observed values 
ol y — Ej,f - -El," of the bands are then obtained graphically The values of 
Td^i," obtailU'd thus are given in Table TIT, 

(n) The (juadratic cymtHon method Alternatively, one may regard (3) 
as a quadratic, ecjiiation in .r — exp— after making an approximation which 

consists in replacing and ag I’Y nm-ws of a 2 equivalent adjust- 

ment of all a-dependent parameters. (Nicliolls and Jarniain, Ulbb). 

Then the approximate equation is of the form 

E\, == D\\X ■“exp{ -a(f^v~-»^n)l]“— ^'aU— exp{-a(v„-'--rj2)}]2 ... (5) 
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where the primes over the various quantities indicate that these have been adjusted 
with respect to tlic chosen uican value of a. 

The expression (5) can be written as 

... (G) 

wlicrc P, Q and B have the same significance as indicated by Nicholls and Jarmain. 
The above ccpiation in x will have two roots given by — — I /a In a:. Of those 
two roots, the xihysically significiant one is chosen. Tlie Morse constants einiiloyed 
in the present ealcalation arc 

ai = 2.03270 a. = 1.99S783 

a ^ 2.015742.40-1 

The values of > -centroids by the quadratic equation method have also been 
included in Tabic Til 


TABLE III 

r- Centroids (.4) and wayclengtbs (A) of bands of X^S'') 

system of PN 


V. v" 

v' 

0 

1 

2 

3 

4 

0 

1 522 

1..'322 

(2518.2) 

1 .577 

1.577 

(2005.0) 

1 030 

1 031 
(2096 9) 

1 083 

1 GS5 


1 

1.47.'> 

1 475 
(24.51.1) 

1.632 

1 . 532 
(2.533 0) 

1.586 

1.080 
(2020. 1) 

1 039 

1 030 
(2712 1) 


2 

] .420 

1.424 
(23SS 2) 

1.480 

1,486 

(2400.2) 

1 542 

1.542 

1 591 

1 095 
(2035.2) 

1 047 

1 048 
(2727 5) 

3 

1 370 

1.3G5 

1 4.39 

1.437 

(2403.3) 

1.497 

1.497 

(2481.4) 

1.551 

1.551 

1 004 

1.004 
(2050 9) 


First row : I’d/,," by tho grapliioal molhod. 

Second row : rr'u" by ^be qnnilrntic oqiiniitm method. 

Third row . wavelengths of bands indicated m paronthosis (Curry, Herz- 
berg, Horzborg, 1933) 


DISCUSSION 

When a graph of again.st A„'„” of the corresponding band is drawn from 
fro] 1 the results given above it is found that all the points lie on a smooth curve 
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m) 

and tliat, f^'u" ii'K‘n*as(\s wiili TIiiK is in gond accordance with wiiat one should 
expect for a ease A\'hore 7 ;.^ > 7 ^ 2 - Also Js slightly greater than 
and enables one to substantiate wiiat is found from the relative magnitudes of 
and namely that the potentials arc not very anliaimonic. Further 

values of the r-centroids f«>r PK folliAv a paitcTn not different from the molecules 
studied hy Niciiolls and Jarmain (lOoG) and hljcholls, Uohinsoii, Ihiiiciiison and 
iarmaiii (19;j(i) and 7* (Nichol Is and Jarmain, 195G) i.s praetically constant for a 
given fuujnenco. f,- r is also seen to be less than or equal to 0 Of A and supports 
the view that the potentials are not wid(‘. The ?’-eentroids uhtaiiicd hy both tlu* 
methods eompari' autv favourably for this molecule and are in fa(,t identicalj for 
the (0. 0) siMjuence. * But on aocoimt oi the approximalions involved m who 
quach-atic equation nuihod slight depart lu'cs are noticed in (jff diagonal sequences 
and tlie difference increases as | Ae ( inereascs. However, as the maximum dev^i- 
tion is of the ordiu of 0.4% only, the rejilaecment of the Morse constants l)y\a 
mean a appears to be (iiiite legitimate in the case ol P>T(’7r systnii. 

When these values of r-eentrokls are compared with those of SiO rcjiortcd 
by McGregor (‘t al., one finds that PN exhibits systematic constant differoneo 
Af in all tht* seifuenccs wiiik' in fSiO these dilferences are ratluT erratic, llow’- 
over, along (0, 2) sequence of both, tlio r-centroid values are identical or nearly 
the same, • 
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POTENTIAL PARAMETERS FOR LIKE AND UNLIKE 
INTERACTIONS ON MORSE POTENTIAL MODEL 

ANIL SATIAN 

As ioclation fou tiif Oltltivation or Scifncic, Calcutta-32. 

{Received, -.Ifni/ 15, I9(i:i) 

ABSTRACT. Viscosity data Jiavo boon utdiboJ l/o dolormiiio tho Ibrco constants for 
tho JM II-,. o ])oLoiih,d mjJii] for Ar, N.-, lie, COi and Oj. Tlioso paraimotoin can roprmluco tho 
ONporimontal visi o,sity dat.i moio .satiisfarini-xly lh,in llio p.uamotors dotonniuoj from Iho 
.second viual mid cry.stal prnpoi'Ly d lia A .sot of i nmliiimtion rules foi nnlilio inloractioiis 
iifis lioon ])ro]in‘^nJ .snd lostul in lolaiiun to (lio mlci diKusion cocnicionl.s, Tho rosulLs tliiia 
obt.imoJ L.I10VV a good ugrnoiuont wilh tho oxjioiimoiital valno. availiiblo in iho htenitnro 

T N T R O D U Cl’ I () N 

Of ilip vanoiLs fnnus of llic iJik'r-inol(‘c*uLir potoniial, the liCmicarrl-Joiu'.'i 
(J2 : 0) iiKtdcl and Buckiip^bani Ex[)-,«ix model arc quite rcalLsiic, and are, llKTcfore, 
iuvarjidjlv used for laloulat.ing the t/ranspoj-fc and oquilil)i'iiiiii projKM’tie.s of ga.so. 4 . 
BerenU^q Xono\\alo'\v, T;i 3 dor and Hirselifeldor (100 1 a) lia\u' eale.nlaU'd the second 
virial coctlieient foi the Morse pof(‘ntial and these liavo hecii ntilhsed Koiunvalow 
and Hirsclifehh'r (lOOJli) for didermining the potential paramc'tcrs for .some non- 
polar inolo'.inh's from the viiaal e()(‘fiiei('nts and eiystal data. Ovit a wido rajigo 
of teinpm-aturv), the tlu^oretioal second virial eocfliejonfs determined from tho 
Mor.sc pot('ntial agree A'er^^ w’ell Avith the experimental data and arc quite eompar- 
ahle with tliose obtained by using Lennard- J ones (12 C) and Buekinghani 
Exp-, six potential. 

Mor.se potential is Avritten in tho form, 

^{r) = c{cxp [-2(c/(r)(r-)'„,)]-2cxp f-(c/cr)(>’-r,„)]) ... (1) 

Ayliero ^(r) is the potential energy of th(i tAA’o n^olccule^5 .separated liy a distance 
r, £ is tho maximum attraction energy at r — rr is the finite Amino of r at Avhich 
0(?’) = 0, and tlie parameter c is related to the A\'i(Uh of the potential avcII. Tho 
quantity c i.s given by the relation 

^ = (r(l + l/c;?fc2) (2) 

V^erj^ recently, EoAmll and Ilir-schfeldcr (1062) ha\m. CAmluated the collision 
integrals for tho ga.ses ohejung the Mor.si* potential and hence tlie evaluation of tho 
parameters from transport data is also possible. Usually vi.scosity data arc used 
for this purpose. Very accurate data fur the viscosity of Ar, Ng, He, COj, and Og 
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arc availiiblc for a ■wide range of tcniporatiirc. We iiavc licrc utilised those data 
to ohtain the potential parameters for these substances. 

A set of c!oml)jnation rules has b(?en propo.s(*d to determine the unlike mole- 
cular inUu’acitions fi-om a knowledge of the like interactions. Tliesc ^^T^c so chosen 
as to tit in with tli(‘ cxpeiinumtal data on the intci -diffusion ooeflicieiits of the 
systems He-Ar, He-N 2 , CO^-No and (^O^-Oj given by Walker and Westenberg 
(1958, 1959 and 1900) and by workers in thrs laboratory. 


C A J. C U L A T I O N S OF ]• O T F N T I A I. P A E, A M E T E T. S F E O M 
VTStJOSITY 

Various methods can Ije employed to detennine the potential parameteirs 
from the c'xpernnental viscosity data. In the present paper, wo have used thb 
ratio method. Tlie \'iscosity data for Ar, lie and in the temperature range 
100°K~]00()'dv and for CO^ in the temperature range l!00'’Iv-1000‘^'K were ntilised\ 
for this i^mrpose. ' 

On the Oliapman-Eiiskog theory, the coefficient of viscosity is given to the 
first apiiroxiiuation as (Hirsc.lifekler it ah, 1954). 


(.1 


(3) 


where T is tlie absolute temperature, M is the molecular weight of the siilistanco, 
T*] are tlie collision integrals deiiendiiig on c, and T'^ — Tl{tjl) as tabu- 
lated by Lovell and Hirschfelder (1962). 

Let and ?/.j be the viscosity coefficients at temperatures T ^ and T,, respec- 
tively. Then 


L?;i J L 'i'l j 


(4) 


By knowing experimentally the quantities and values of c and cjlc can 
be so adjuiStcd that the right hand side of cqii. (4) becomes equal to tlie experimental 
[j/^/Vi]- A particular Vralne of [i/g/Vil was ebosen and for various values of c, values 
of cjk were found satisfying the oqn. (4). Tims for one particular value of 
wo found corresponding values of c and ejk. The values of c were plotted against 
c/A' for various values of [tfjyj] and from the intersection of the curves c and cjk 
were found. The values of cr wa.s then calculated using cqii. (3) at two or three 
tenijperatures and mean taken Eqn. (2) now detei’mines the value of The 
values of tlu^ force constants thus obtained arc shown in tlie Table T. For the 
sake ol comparison the values obtained by Konowalow and Hirschfelder (1961 b) 
from \drial and crystal data are also included in the table. 

It is seen from the table, that the potential parameters determined from 
viscosity and those from the virial and crystal data arc mutually not quite con- 
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sifttent. Tliis tyf)e of discrejiiincy briwToii tlic poU'niial ])iiranu’tprs dcLormined 
from tho non-iMpiilibnnni aiul th(‘ «‘qnilil)rium j)roj)i'riii’S of fluids lias l)C'i'n ob- 
served 111 the case of other ptitoiitial models as ’vvell. 

TABLE 1 


Values ol the force constaifl.s on Morse potential imulel 




t\oin viscosity 


Eiom Viri.il iind crystal 1 

lata 


c 

tjVK 

trA 


i- 

f/rvv 

o-A 


Ar 

G.7 

120 

3 Uil 

3 S82 

5.0 

141.8 

3 380 

3 865 

N, 

6 1 

1)2 

3 01)7 

4 117 

.6 6 

134 d 

3.679 

-J 030 

JTo 

0.0 

H 

2.022 

2 926 

- 

— 


— 

COj 

5 1 

li)(i 

3 008 

-1 . .607 

— 


— 

— 

Oj 

r» 1) 

OR 

3 641 

3 067 

__ 

— 

— 

— 


C O ]\I P A U I H O N W I T IT E X E R I ]\I E N T 
In order tt) test the reliability ol the foice (ionstaiits thus deteimined, it is 
necessary to see how far they K^prodiujo tlie experimental data over a vude range 
of temperature. 


TABLE II 

Experimental and calculated viscosity coelHuients for Ar^ N^, lie, CO;j 
and Oj at different teiujieratures 


73 / 10” HW. 

cillculalud willi [orcr 
V X 101 cuiiiUiuts from 

Snhalanco T °K g/'’Tn bdo 

oxpt Viscosity Viriiil and 

ciystal 
property 
data 


100 

839» 

841 

709 

120 

903« 

100:1 

921 

140 

1140“ 

1157 

1077 

160 

1293« 

1303 

1220 

180 

1447« 

1467 

1377 

200 

1594« 

1602 

1527 

220 

1739® 

1743 

1071 

240 

1878® 

1378 

1813 

260 

2014« 

2000 

1952 

280 

3145ff 

2126 

2083 
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TABLE J\-~{mntd) 


fSubalanco 

T K 

g/cm. Boc 
oxpL 

V X ic^ 

oalculatod with I'orco 
constants from 

Viscosity 

Virial and 
crystal 
property 
data 


:ior) 

2270« 

2254 

2209 

Ar 

SO(i 

402 

-1017 

4701 


loot) 

5302^ 

53 SO 

5593 


100 

008^ 

705 

020 


120 

820'- 

832 

737 


110 

OIS** 

055 

SGS 


loo 

loos‘d 

1072 

072 

Nj 

180 

lisa** 

use 

1084 


200 

1295'’ 

1290 

1194 


220 

1 4o:k 

1301 

1301 


210 

1505'- 

1493 

1410 


200 

loos'* 

1588 

1510 


280 

1G9C® 

1081 

1000 


300 

1780® 

17C9 

J09R 


800 

3493^^ 

3504 

3503 


1000 

401 1*' 

4004 

4158 


100 

947® 

941 

— 


120 

1068® 

1002 

— 


MO 

1182® 

1178 



100 

1290® 

1288 

— 


180 

1395“ 

1393 



200 

1400® 

1495 

— 

no 

220 

1595® 

1594 

— 


240 

1092® 

1088 

— 


2G0 

1789® 

1783 

— 


2 SO 

1888® 

1875 

— 


300 

1987® 

1903 

— 


800 

3S40«^ 

3801 

- 


1000 

4455'^ 

4521 
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TABLE il (goM.) 



V X lOT 
g/t til soc 

CNpl. 

y < 10' g/um hoc. 
t aloidiilorl w li It fuioo 
coiihlniita Irom 



ViscoHity 

Vi rial and 
crystnl 

pioporty 

data 


200 

1015'’ 

1015 



220 

1112'’ 

1111 

— 


240 

120!)** 

1212 

— 


2G0 

(■o„ 

1303'’ 

1307 



280 

1400'‘ 

1405 

-- 


300 

14 05*^ 

1 199 

— 


800 

3391 

3383 



1000 

3935'' 

39S0 

— 


100 

TCS'’ 

794 

— 


120 

917^^ 

940 



140 

1001^= 

1080 



IGO 

1202'’ 

1216 



ISO 

134K 

1348 

— 


200 

1176C 

1473 

— 


220 

0:- 

1004'^ 

1587 

~ 


240 

1728'’ 

1707 

— 


200 

1 845'’ 

1817 

— 


280 

1958'’ 

1913 

— 


300 

2071'’ 

2031 

— 


800 

4115'= 

4059 

- 


1000 

4720'= 

4717 

~ 

a 

b 

= Johnston, JI. L and CJrdly, E. 11 
--Vasilosco, V (1945) 

, (1942) 


c 

d 

— Johnston, H. 1j., and MrCloskoy, 
= TrButz, M , and Zink, ll., (1930) 

K. E (1940) 


e 

- Valuos ohtainod in fiom tho intorpolatinn of avuilahlo high 
tomperatnro viecotiiity data. 


Viscosity 

Expciimcntal and oakulatcd viscositv coefficients in the wide range of 
temperature for Ar, N., He, CO^ and Oo are given in the Table II. The 
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calculuic'd valufs of bho visc.osity cooffiiacnts for Ar and uBirg the force cons- 
tants fi‘(jiii vjjial and crystal data Jire also given in tlie table for comparison. 
It can be setni fiom the taldo tliat the experimental viscosity data are much better 
reproduiiblc vith the force constants determined m this paper than Avith tliose 
from virial and crystal jnojierty data. 

rj O M n 1 N A T I O N lb U L 10 S FOR U IVT L I K F MOLECULAR 
I N T E R A C T 1 O N 

The luopi'rties of gas mixtures are dependent on the forces betueen unlilfo 
iiiol(M‘u](‘s. To jiiincipli', tht'se forces can be detei-mhicd from the accurate ex- 
perniH'ntal data on i-he transport and efiuilihrium jiroperties of mixtures In 
ih(" absmuic of accurate experimental data it voiild lie viuy heljiful to be able to 
predict the interaedion for unlike moleeiJes fioiii the knovii interaclion foi like\ 
iiU)lecules. In tins w^iy tht* properties ol gas mixtures could bt‘ calculated from 
the data on tlie pure eomjioncnts. (Combining rules lor the Moise potential modi‘1 
can b(i olitaiiicd by wiiiing the eqn. (1) in the form 

<p{'i) ... (5) 

Folio ving Zener (1931), we get the parameter h for unlike interaction, as 

^^12 - - (fi) 

which, when oxjirosscd in terms of Ihc eonstants of the Morse jjoteiitial, gives 



Folloving the suggestion of Srivastava and Siivastava (1958), the combina- 
tion rule for the parameter c is taken as 

... ( 8 ) 

The usual coinhiiiatioii rule for tr, which is exactly valid for the rigid splierc, 
is given by 

^12 == iK+cr2] i^) 

The value of is fixed by eiis. (7) and (9). The fourth parameter r,„ of tlie Morse 
potential for the unlike interaction is then 

(> Jn = o-i» [l+ 2] ... (10) 

However, it was found that the agreement with the calculated values of Iho inter- 
diffusion coefficient from the prescrihcd combination rules [Eqs. (7)-(l0)] and the 
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experimental values was not satisfactory. Consequently. A\'e have tried the 
geometric mean rule for cTjj, i.o. 

= .. ( 11 ) 

The agreement between tlie calculated and the experimental values of the inter- 
diffusion coefficients improve by using tlu^ geometric mean rule for cr^g. Conse- 
quently, we suggest, cqs. (7), (8), (10) and (11) as the combination rules for unlike 
interactions on the Morse potential The unlike inti'raction parameters for the 
gas pairs He-Ai-. He-Xg fXX-Ng and COg-O.^ determined by using the like inter- 
action parameters of Table I and the combination rules are given in Table III, 
The combination ruh's for the gas pairs sbowm in Table IIT have been tested 
by comparing with the expc'riincnt'il values of the interdiffnsion coefficients. 
To the first a])proxiinatioii, the inter- diriusion coefficient i” gi'^oii as (Hirsch- 
felder et at , 1951). 


[^i.li 


(\.(mcy2^yT'pii 


( 12 ) 


where p is the pressure in atmosphere, and 31^ are molecular weights of species 
L and 2, T is the absolute temperature, (t^.^ is the collision diameter, 

[Cia, Ti 2 *] is the collision integral and is the reduced temperature equal 

to AT/cja. 


TABLE III 

Unlike force constants on Morse potential model. 


Gas pairs 

Cl 2 

rv'.l^K 

o-i -A 

(j'mh 

He — Ar 

5.9 

30.3 

3 013 

3 366 

He— Nj 

6 1 

31.8 

3.113 

3.467 

CO.— N. 

5.6 

134.3 

3.630 

4 304 

COj— Oi! 

5.5 

138 6 

3.750 

4.223 


The experimental and the calculated values of over extensive range of 
temperatures arc slnnni in Table TV. It may bo seen that except for the measure- 
ments of Srivastava (1959) on the lle-Ar system, the agreement between the 
exjicrimcntal and the calculated values of D^., is only lair. A large part of the dis- 
crepancy iiuiy he altributetl to tlu; uncm-taintics in the cxiieniuental method of 
Walker and Westenberg (1958, 1959 and 1900). Consequently, till better data 
are available to provide a iuokj definite answer, the combination rules for the 
Morse potential as suggested in this paper may be used for calculating unlike 
interactions. . . _ 

b 
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TABLE IV 

Experimental and calculated values of inter-diffusion coefficient for 


systems Ho-Ar, fle-Ng, 

CO.-Na and CO. 

O 2 at 1 atm. 



Dll 


Ois cm- /sec 

calcnlatocl 

SyBtoms T °K 

expt. 

uainp the 



combmalion 



nilea proposed 

273 

0 . C40« 

0 040 

288 

0 701« 

0.702 

300 

0 72r)*> 

0 752 

303 

0.760a 

0 766 

318 

0 825« 

0.830 

400 

1 247^ 

] 224 

He— Ar 500 

1 R31& 

1 786 

600 

2 557^' 

2 432 

700 

3 . 347'^ 

3 158 

800 

4 202^' 

3 . 9.56 

000 

6.149'> 

4.837 

1000 

0.3106 

5 782 

243.2 

0.477c 

0.510 

275 0 

0 596® 

0.C29 

300.0 

0.739i 

0.728 

303 55 

0.719c 

0 743 

332 6 

O.SIK 

0 866 

400 

1.218«* 

1.183 

He— Ns 600 

1.782d 

1.724 

COO 

2 434'* 

2.344 

700 

3.144‘* 

3.038 

800 

3.040'* 

3.849 

900 

4.752'* 

4.650 

1000 

5 6.52«* 

5 500 

300 

O.l?!** 

0.157 

400 

0.300'* 

0.264 

500 

0.445** 

0.392 

600 

0.C10«* 

0.539 

COj— Ns 700 

0.793** 

0.704 

800 

o-ogs** 

0,837 

900 

1.215** 

1.085 

1000 

i.doa** 

1.290 
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Dj 2 vm'lscc 


Systems 

T “K 

Dll cm- /sec 
oxpt 

culcuhitod 
using the 
combiuntiou 
rules proposed 


300 

0 160' 

0 156 


400 

0 270* 

0 203 


600 

0 400* 

0 391 


600 

0 565* 

0 538 

COi—Oi 

700 

0 740* 

0.706 


800 

0 928* 

0.887 


900 

1 . 142* 

1 086 


1000 

1 386* 

1 302 


a — Si’iv'aatavaj K, 1* (1959). 
b =Wallc()r, R. E. unci Wostonborg, A. A., (1959). 
c — i’mil, R., ami Siivastavu, 1 B., (1901). 
d =WftlUor, R. E. ami Wo.stoiiborg, A. A., (1958). 
e =Walkor, R. E. ami Woslenbcrg, A. A,, (1960). 
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FAVOURED DURATION OF SUDDEN IONOSPHERIC \ 
DISTURBANCE 

S. D. DESHPANDE 

DkpAETMENT of PtIYWICK, CoVl’TlXMENT PoLYTECITNIC, KoLIIAPUH. 

(Bcrcu'cd Ajml 1, lOOII) 

It is wellkncAvii that Iho duration, i.c., tlic interval of tin' e between the 
earliest indioatioij of sudden lonospherie disturbance and its end, ot any indivi- 
dual disturbance may vary from a few minutes to about 100 min. or more 
in some cases However, d uring the jirescnl analj^sis of the data on various 
ionopphenc solar flan‘ c'ffccts for 1050-58, it is observed that the duration of 
SID as noted by tlie time interval of start and end of a short wave radio 
fade-out shouts a typical liehavioiir. For a eert.ain period such as a season or 
a year, thougli an indiviual fade-out may have any duration extending from a 
few minutes to about 100 min. or more, large mnnlier of STDs tend to have a 
certain favoured duration Avhich closely depends ui)on solar activity for that 
period under consideration. 

It is ohserved that during the year 1956 nearty 36% of SIDs have their dura- 
tion between 11 to 20 min. with a favoured duration of 15 mill. This later 
fjPictor being obtained graphically from a plot of number of fade outs against their 
duration for tlie year. For 1958, a. year ol intense solar activity, 35% of the SIDs 
show duration betv'oen 21 to 30 min. centred round the favoursed duration of 26 
min. Tabic I shows the first favoured diu'atioii interval and favoured duration 
along with the annual sunspot numbers for the years 1956 to 1959, Data for a 
few months for 1957 ami 1959 is lacking hut tlio general trend is quite apparent. 
Data for 1936 (Bcrkner and Wells, 1937) lias been analysed for comparison.— Un- 
fortunately sufficient and conlimioiis datLa u'as not av,ailable in literature parti- 
cularly for the low sunspot activity period of 1941-43 Linear dependence of 
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favoured duration on the corrosponding sunspot number of the year may bo noted 
from the Tabic. 

As nearly ot Iho total STDs hav'^e their durations lying in a first favoured 
duration interval, the next 22% or so of the disturhiinees liave their duration in 
a second favoured duration interval. Again, maximuni miinhei of the distuihances 
of first favoured duration interval ol the year occur in equmoiiiial months while 
the large number of SIDs during summer and wiiiti'r show tlu^ duration of the 
second favoured diu’ation interval. 

This concept of favoim^d duration, if extended to the tiiiu'. of growth and decay 
of the disturbance, may indicate the most general jirocess underlying the ioniza- 
tion and response of the ionospheric region of tlie disturbance for a certain average 
solar ^^ctivity of that jieriod and I'acli individual 8TD with its deviation from the 
general process may he considered as related to the specific solar events. 

Tlic period iindiu- consideiation is that of liigli solar activity and a large number 
ot fade outs have liecn reported, ft is found that the present analysis of this data 
docs not confirm tlie observation of Mjliitosli (1951) that Aiiril is the month of 
greatest frcipicne.y of oecurieiii-e of short wave radio fade outs Again in general, 
the fadeouts occur more frequently in morning than in atternffon as is reported 
jii case of various ionospheric solar Haro effects. (McIntosh 1951, Shain and 
Mitra, 1954). However foi some ivinter and cqniuo-ctial months the ratio of nuniher 
of fadeouts in forenoon to tin* number in afti'rnoon n^is much less than one; thus 
supporting the remarks fiShaiii and Mitra 1951) that there is no real forenoon 
bias in occurrence of STDs and the observed effect may he certainly due to the 
atmospheric interference 


TABLE 1 


Year 

Annual 

sun’^not 

number 

Favoured 

dural.iori 

iiiiorval 

(nun.) 

rorronl,ngo of 
SID in 

1 a\'oui od 
duration 
jntoival 

Favoured 

duration 

(min.) 

1930 

80 

0-10 

54% 

4 

1966 

106 

11-20 

36% 

15 

1957 

171 

11-20 

35% 

20 

1958 

192 

21-30 

35% 

26 

1959 

182 

21-30 

30% 

23 


P E F K B E N C E S 

Berkner, L. V. and Wolh, H W., J937, Terr Mar/n and Atmos. Elect., iZ, 18*. 
McIntosh, D. H., 1961, J Atmos. Terr, Phys , 1, 315. 

Shain, C. A. and Mitra, A. P., 1954, J. Atmos Terr. Phys., 5, 310 




9 


SPACE GROUP AND UNIT CELL DIMENSIONS OF 
ANTHRARUFIN 


S. N. GTP.I 

Indian Association fou the Cultivation of Science 
.IaDAVPUB, CALrUTTA-32. 

[Heccivcd July 20, 1963) 

Antliramfin is 1 ; 5 diliydroxyanihraqiiinone having the fpllowing Btmcturll 
fonuida. 



Kig. I. 


No goniomctric or crystallographic data of the compound are available. 

Single crysUls of suitable size can be obtained by slow evaporation of the solu- 
tion of the siibstancie in benzene or in ether. The cryfdals obtained from benzene 
arc needle-shaped, whereas plate-lLkc crystals arc obtained from ether solution. 

From the rotation photograph and zero-and lirst layer-line Weissenberg 
photographs along the needle axis, the other two prohablf3 crystallographic axes 
were assigned. Rotation photographs and zero and lirst layer lino Weiasenberg 
photographs along these probable axes were then taken. From these photographs 
and those along the needle axis, the crystal was found to be monoclinic wnth 
the needle axis as tlic symmetry axis (he., b-axis). The axial lon^bhs and tho 
monoidmic angle were determined from the high-angle spots for which Cu-kofi, 
and Cii-ka^ wero- resolved in the Weissenberg photograiih. Fihn shrinkage correc- 
tion v as applied by the method of Snvastava (1959). 

The parameters along with the standard deviations . obtained are ; 

a -= 15.86 ± .02A 
b = 6.36± .021 
0 = 6.U3± .Oil 
P = 94° 3'dz .6' 
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In the zero and higher layer line WeisaenbcTg-photographSj the fullo'vting 
extinction conditions arc present : 

hkl — no condition 
kol 2h 1 absent 

oko — h = 2rtH-l absent 

thereby indicating that the probable space group is P2j(i 

Density was doterniined by hoatation method using aqueous solution of potas- 
sium iodide as the heavier and water as tho lighter Jiiiuid. This gives a value of 
d ~ l.SOg cni““. The density calculated by considering two molecules in tlio unit 
cell is 1.56gcin““. 

The space group is centrosymmetric having four equivalent points. Tliis 
presents no difficulty .since the molecule itself po.ssesscs a syuiinctry-centre. 

Further woi'k is in progre.ss. 

The author is indebted to T)r. 11 K. .Sen, D.Sc. for Jus kind intci'cst and guid- 


REFERENCES 


Snvaatava, S. N., Acta Oryst., (1959) 12, 412. 
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A NEW LIQUID OXYGEN CRYOSTAT 
S. MITKA. S K. DUTTA ROY and A. BOSE 

Dbp/irtmbnt or Magnetism, Imdian Association for the Oitetivatioit or Scibkcip 
(iJccf’iwrl, Jiihf 24, 1963) 

Although the gas flinv typo I'ryostats, using liipiid oxj^geu as coolant^ coiis- 
truuicd by Bose (1047) and by T)utl.a Roy (19rir») arc quite simple and effiident. 
the I'aiige of tempiTaturc covered with these is about !10()''K to (Bose 19471). 
The control of tlu' temperatures is not viuy line and iJie nK^asurenients at small 
intervals of lemperature lannot be conyeinently imdertalteii The system is 
not also economic as much oi the cold is wasted. 

In view ol‘ the above diftieidties the present authors have constructed a new 
liquid oxygen liath typi' cryostat Ai'liiiih piwides an extremely fine control of 
temperature and makes it possd de to work betii’cen 4()0"K and 04"X, The cryostat 
consists of a wide -mouthed sdvered glass Dewar vessel carrying tlie liquid oxygon, 
with a naiTov' tad to be accomodated Ix'tween the pole pii'ces of an eleetroniagncl. 
The experimental chamher is a silvered vacuum jacketted pyrex glass tube passing 
dowm into t,hc tail The tempercaturo mside the experimental ehamhor is accurately 
maintained by controlling the pressure inside tbi‘ vacuum jackei. and balancing 
the cold from liquid oxygen with the heat from a small non-inductivo clectrie 
heater vithin the chamher The control is, further, made automatic with the 
liclp of a gas-ihermometrie relay system The Dewar is conmxded to a low vacuum 
pump to lioil the contained liipad oxygen at different reduced pressures to obtain 
temperatures down to fi4'’ix 

ft has b(xm observed that the temperature remains very accurately cons- 
tant for a long time within ().05°C These are measured \Mth a calibrated 
riu-constantan theniiocouple. 

Details of the cryostat will he published shortly. 

One of tlie authors (8.M ) is grateful to the Council of Scientific and Industrial 
RcLsearch for the aw ard of a Research Fellowship 

REFERENCES 

Bose, A., 1947, Ind. Jour. Phffs., 21, 277. 

Dutta Roy, S K., 1955, Ind. Jour , Phys., 29, 429. 
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a nuHiUer oFfast changing variables 
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Available fn 8evei*ai models, from 6 to 36 channels, | 
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The 1 508 Is d, compact 24-channel instrument p 
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very complex spectra. Here, too, a panel switch 
puts both speeds at the analyst's fingertips. 
Optional auxiliary recorders are available to give 
you continuous spectra at fixed wavelengths or 
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abscissa. The chart ordinate — a full 15 cenclme- 
lers — provides maximum accuracy In recording 
band intensities. 
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Flexible Presentation. You can specify a Model 
237 recording in either linear wavelength or linear 
wavenumbers, as you prefer Full wavelength 
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AN ELECTRODYNAMIC BALANCE AND A NEW LIQUID 
OXYGEN CRYOSTAT FOR MEASUREMENT OF 
MAGNETIC SUSCEPTIBILITIES BETWEEN 
400“K AND 60°K. 

A BOSE, K. K DUTTA BOY». P. K. GHOSli** and S. MITRA 

Dei'autaient of Magnetism & Ei^kctiiicity 
Indian Association indi the iIultivation of Scjengk, JADAVj’nii, Calcutta-H2 
{Recdveil for publication , September 4, 19U3) 

ABSTRACT A highly aceurato iincl Honsitivo oloisivo dynamic balnnco ol robust 
roiintructiou for iho moiifluioineiii of uingriotic Kusoophbihl.jos of siiiglo crystnlH, powdorod 
pinniploK and liquids liiis boon doaciibod Tlio haliinro uses an oJoctrodvnninic comjioiisation ol 
mugnetic lorco and pliotooloctrir magnification of doflortion, avoids nnmy houpcoh of oiTors 
and troubloH unci givos iin acciiracy Iiotlor tlian (I 1% A now rryoatat proMcling an oxtroinoly 
lino control ol tomporatuio, witli tho liolji of some apociiil dovicos, is incorjioiHlod with l.ho 
balanco to work hetwoon 4()0''K and 03 K, iisirig liiinnJ oxygon as coolnnti and is dosciibod 
in cJotiiil Tiip call 1)1 atioiiH ol tho balanco and tho tliormo-coiqilo havo boon conqiavod against 
the Gxisting Loidon and Oalciitta moasuromonts on stnndard panimngiiotji! Hiibstiincos, og, 
alum, Fo+’* alum 


INTRODUCTION 

In ilio study and inoasureinoiit ol the jnincipal inagnciin susnoiitibilitios 
of (‘jystals, a iiuinlier of difficulties such as accurate calibration ol field, 
location and orientation of the eiystals, niaintenanee ol steady temperature 
balancing the magnetic force etc. limits the accuracy of the data to within <-^1%. 
To estimate the anisotropies of the crystals ol the order of 5 to 30% 
of the mean siiseejitihilities with suffieient accuracy, the above limit should be 
pushed back to about 0.1% or less. The present pa])er describes a modified Curie- 
balance of robust eonstruetion designed to measure susceptibilities of crystals 
as well as powTlers and liquids doum to 60”A", and uses a neM' eleetrodynamic 
(iompensation of the magnetw force and photoelectric magnification of deflection. 
The temperatures between 400^K and 60'^K are mainiain(*d accurately using a 
new cryostat with liquid oxygen as coolant and a vacuum jacket with a heater 
element as a temperature compensating devKie. 

Now at the Department oi Physics and Metoorology, I.I.T., Kharagpur, Indhi 
** Now at Fortilizer Corporntion ol India Lid., Mindn, Bihar, India. 
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A SUJIVEY 0¥ OLDEK METHODS 

MosL of tliu usual methods for nioaHuririg Busccptibilities consist of estimating 
the translational forci* on a sample placed in an inhomogeneous magnetic field. 
ITor example, in the original Otirie method (1895) the horizontal translational 
magnetic force on a small samjile fixed at one end of a balance arm, suspended 
from the midpoint vvutli a line fibre, is balanced against the iortpie of the fibre. 
Ln the (roiiy Method (1889) the vertical pull on a long sample suspended from one 
arm of an analytical balance is compensated by weights on the other arm. In 
the Sucltsiiij til’s ring balance (1929), the vertical pull on a small sample i^ 
balanced against the bending moment of a phosphor bronze ring from which tliA 
sample is suspended In the Foex-Forrer balance (1936), th(‘ horizontal luagneticl 
lorce on the sanijile mountcMl at one end of a horizontal beam, which is suspended \ 
with double bifilar strings, is compensated by the clec.trodynamic force exerted 
between a cuiTent-boaring coil carried on the moving system and a fixed per- 
manent magnet. The quartz fibre torsion microbalance of Bose (1947) with its 
arrangement of suspending the crystal liom one end of the beam with a fine 
quartz fibre is very delicate, but rather unstable and hence diftiimlt to handle. 
The Curie-ty])e torsional balance of Dutta Hoy (1955) elinunates many sources ol 
errors. But besides powdered and hipiid samples, only single^ crystals ^of axial 
symmetry can be measured with it. Moreover, the manual o})eration of torsion 
head causes vibration of the system. 

All the above balances excepting the Curie types are inherently gravity 
controlled ami hence have low defioction sensitivity m ordei to be sufficiently 
stalile, and exw'ptmg the microbalance type none is suitable for single crystals. 
Most of thes(‘ are so delicately su.spendi'd that it is a great strain upon the woiker 
to handle them and external disturbing lactors and zero shifts often make it 
impossible to have re])rodiicible values 

Considering all these facts, a balance was constructed, avoiding the defects 
and utilizing the points of advantages ol the earlier instrimieiits as far as possible. 
To avoid gravity control a Curie method was chosen. For the sake ol sensitivity, 
a null type instrument ratlier than a deflection type instrument was decided upon 
Foi the sake of ease ol manupiilation and robust construction, fragile quartz 
fibre suspension was replaced by metallic strip. Vibrations and consequent 
uncertainty due t«j manual operation were climinati'd by the technique of remote 
controlled electrodynainic restitution. 

THEORY OK THE METHOD 

The ^th component of the force acting on a single crystal of volume v placed 
in a magnetic field 11 is given by 


(7,,j,^=l,2,3) 

IJ OXi 


( 1 ) 
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where | [ isthe coinponenl i)f held alon^ .r, axis, is vylli eoinpenent of the 

volume susceptibility tensoi with relerenee to any arhitrnrv set oi axes .ra, 
x^. Expressing the susceptibility haisor in terms of a set of iiX(‘S Xi, X^, 
fixed in the crystal, conveni(>ntly chosen as the [uineipal axes of tlu^ susce^pti- 
bility elipsoid, Ave have only three non-vanishing components 'I’he relation 
between k and k' is given by 


t'o 


a 

«-] 



dX, 


Substituting in (“(jiiation (1). 


2: k„ 

a iJ 


OXa 

dr, 


dX, dH; 

dXj ‘ dki 


( 2 ) 




In our present (‘xperimental arrangement, the [lole pii'ces art' so shaped as 
to produce a horizontal field witli a horizontal giadient. :r.^ being taken as the 
vertical direction. The single crystal is .suspended from a very thin fibre from 
one arm of a modified Curie halanc.e to be described later, with vertical, leaving 
the crystal free to rotate in the luirizontal plane. As.suming A‘, axis 

of tlie eiystal will set parallel to the field 11, neglecting the veiy small torsion 
of the fibre and X.^ directions being perpendicular to II, K.^ and A\'ill have 
no ('ontribiition to the Ion e. Now 


- U 


dx^ 

dX, 




(4) 


or 

dx, dr,. 

Therefore denoting tlie direction of the field gradient as simjily .r 

dJI ^ dJL ^^1 ^ 
dx dx dx d.r.j 

l!"rom equations (4) and (5), 

V dAi dX, jj dlL „ dH 
^ to. ■ to;^‘ to ^ 

Eq. (3) therefore reduces to 


(5) 


( 6 ) 


H 


dH 

dx 


rn 
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The clearly Jiidicaics that ilic lield direction and llie gradient direction 

need not be exactly perpendicular aH rci|uired in certain earlier methods. In 
tin* (‘X])eriniental arrangennmt, tlie force on the sample is exactly balanced by 
tlie forc(‘ exerted on a small vertical coil, rigidly attached to the balam^e beam, 
placed close to th(‘. sainjile with its axis as nearly parallel to the field direction 
as possible, and (uirryiiig a suitable electric (.urrciit C. This force due to the field 
on the coil 

F' ^ nA(> ... (8) | 

(lx ' I 

.vliere, n — number ot turns in the lioil 

A — mean area of a turn 

0 — small angle betw(“en the axis of the coil and the field. 

For balancing, F — F' 


or 


iH'^f 

] = ,.Aa i f ) 

cos 0 

\ (lx 

/ , \ (lx 1 



( 9 ) 


In general the suspended system including the coil, the suspension rod the 
sample holder if any. v>ull expi‘rience a pull even in the absence of any magnetic 
sample balance this pull, we must employ an “initial ciuTent” (\ throitgh 
coil. Also VT. must take into account the suKce))til)ility /c„ of the surrounding 
medium CoiTe<!ting for these, eq. (fi) becomes 


v{k, jg ( ) = nA(a~o„) ( ] . cosfl ... (10) 

sample coil 

or, (‘xpressing in terms of mass susceptibility 


bumple coil 

where rn is the mass and p the density of the sample. For the calibration of the 
balance a standard substance of known susceptibility is used. If tlie volume of 
the standard sam})le is nearly the same as that of the experimental sample so that 

the integrated value of ^ j volume is the same for both, 

sample 


Mxi~K Ip) ^ 

m.iXs-KIPt) 0 ,~Cq 


we get : 
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^ \ m, /Co 

' ’ < 'i — C'o \ p, I >n fi 

wlierc* the Buhsci-ipt « lelerK to tlie sliunhvrd siiljstaiice ^Y;; X\ ejtliei be 
calculated from aiiisotK)])y data, or tlies can be measuK'd (lii'(‘ctly as abon', 
Ol)viously, similar relation will also hold good in tlie case of the nieaJi snseepti- 
bility X, for a litpdd or ])o\vder specimen 

D E S C! K I P T I O N O T PI E BALANCE A S K M B ]. Y 

A preliminary note on the balance was earlier pnldished by (ihf»sh (llHil). 
Several substantial nn[)rovcments upon that- have been made in the pr(‘senti cons- 
truction. Basically, the instrument is of the Curie-type, the movinnent of tlie arm 
lieing rest-T’Kited to a lionziintal plane. It comsisis (Fig. 1) ot a horizontal Imht 



Eig. 1 
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glass beam A, kept tautly sus])eiided at the middle with moderately fine verti- 
(‘nlly str(‘t-ehed jdiOpSplior-bronze strips. The upper strip B is soldered to a torsion 
head T ii.sfsl for adjusting tlic position of the beam, wliereas, the lower one B' 
tf‘nninat(*s in an elliptic spiing E secured to a universal adjustable holder H 
vvliic h can be rotated, or moved up and doAvn or sidewise, so that the torsion on 
tlie upper strip can be released, the tension of the suspension can be adjusted or 
the ,stri|)s can be lined up vertically. The tor.sion head and the holder are fixed 
to ebonite blocks K, K' held in a supporting brass pillar S 

A small jicrspex block R has one horizontal hole whicli fixes it to balamje 
beam, another vertical hole takes a long thin glass tube G, at the lower extremity 
of wliich js attached the electric balancing coil c witli its plaiuj vertical and 
perp('ndi(!ular to the magnetic field. The attachments are made rigid wdth\ 
aralflit(" litmient. The coil comprises of 50 turns of 42 s w g enamelled copper \ 
win' iN'otind over a cylindrical thin walled pyrex glass ‘former’ tube of about 
9 mm external diameter and about 2mm. length and imjDregnated with araldite 
eenu'ut to give high insulation as also rigidity The electric lead to the <!oil 
pass througli the sujiporting glasstube and are soldered one to I'aeb of the phos- 
phor bronze' .strips The phosiihor bronze strips thus serve a double purpose, 
they act as suspension wires, as well as clcctmt connections of ^ the coil 

A damping vane V made of thin mica sheet, dipping in a dashpot D of 
apiezon diffusion pump oil fixed to the other end of the glass beam effectively 
damps out all spurious vibrations. The brass upright support R that holds the 
liahince assemblv, is mounted on a flat circular brass base plate P, resting on 
three levelling scroAVS A greased ground bell-jar J forms a convenient cover 
for tlic balance assembly Three lioles are drilled in the base plate. In two of 
these /ij, are two ebonite blocks Avitli binding terminals, sealed vacuum tiglit 
Avitli araldite, for leading in the coil current. The terminals are connected with 
the ])hos])hor bronze strips. The third aperture about 2 5 cm in diameter 
is fitted with a brass collar L taking the glass tube extension of the exiierimontal 
chamber Joints of the tube are sealed vacuum tight with picien sealing wax. 
The glass tube cariying the balance coil and the fine fibre carrying the specimen 
liaiig side by side in the experimental tube enclosed in the cryostat, placed 
between the pole pieces of an electromagnet. A side tube t allows the balance 
chamber and the experimental chamber to be evacuated or filled Avith dry air 
through a drying tower system or with any gas as desired. 

MOUNTING THE SPECIMEN 

The sample is suspended by a fine unspiin silk fibre from a hook embedded in 
the perspex blocks, to which the balancing coil assembly is also attached. If the 
sample is in powder (or liquid) form it is packed in a small roAind glasa capsule 
fitted with a miniature groAind glass stopper to A\^hich the fibre is attached. If 
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it is a single crystal, a small piece of thin glass rod is fixed to it along one of the 
principal magnetic axes and the silk fibre attached to the glass rod Wlien 
placed ill proper position, the sample stands clear of the coil and of tlie side walls 
of the chamber, so that it is free to rotate about the vertical axis The advantage 
of this motliod of mounting is obvious lor a single ory^^tal specimen, in vhieli two 
jirincipal susceptibilities are now contained in the horizontal plane and on ap])ly- 
ing a horizontal magnetic field, the principal axis corresponding t(> the greater 
suscoptibility value automatically aligns itseli' parallel to the field direction 
Thus one principal susceptibility value can be directly known (cf. Ihise, 1947). 
It IS found that in spiti’: of the flexible suspension, there is no apiirecinble linear 
motion betAveeii the sample and the beam Kven if it is tlieie to a small extimt, 
the maximum direc.tion of susi-eptibihty still sots along the direction of tlii' field, 
and the iiiagnetK! pull being always horizontal, no other restoring fori'c exci'pti 
that due to the rigidity of the phos])hor-bronze strip exists 


In the present (-un(‘- balance set up the gradient and hence the motion of the 
specimen being in the horizontal plane, the restoring force arisi's only from ihe 
torsional rigidity ol‘ the suspimsion strij), so that the sensitivity of deHeetion 
can he made large without coiisiderahlc sacrifice of stability, unlik(‘ tin* micro- 
balance ty])c ill which gravity is tlie major controlling as vviil as stabilizing factor 
Again here change in the wight of the sample due to dcjiosition of frost or loss of 
water etc. during measurement will not be leoordod as a changi* in magiuiie 
pull 


The Sucksmith form ol pole-pieces (Sucksmith, 1939) is adopted as it is thi‘ 


simplest design to obtain the (piantity H 


dH 

dx 


fairly constant ovt'r a eonsidm'nlili' 


volume. This ensures that small differences in the position ol the difieient samjiles 
will not affect the accuracy of calibration. 1’he magnet is fed by a highly 
stabilized 15 KW 220 V DC. generator The current is lead on an accurate 
15 cm. mirror dial ammeter with a magnifying eyepiece. A liiui scrov' rlieostat 
IS used to regulate the value of the mirreut and a commutator is provided to 
reverse the dii’ectiori of the current several times after each moasuremeiib. 
Witl) a xiole gap of 6 cm., required to aeeoramodate the cryostat, thi‘ magnet 
jiroduces a field of 2500 oersteds ivith a gradient of about 15 oersteds/cm 
at 1.5 amxiercs. 


D K T E C T I O N S Y HI’ E M 

The use of phosphor-bronze strip for susiiension results in a very small overall 
deflection of the system This is desirable in several respects. But on the other 
hand, this necessitates a very sensitive detection system. In practice, a spot of 
light from a 36 watt 6 volts lamp, fed from a stabilized D. C. generator after 
oollimation and reflection from a mirror fixed at the centre of the balance beam, 
illuminates nearly equally a pair of photoelectric cells comiected in opposition 
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by a bridge, arrangeiueiit tliroiigb a sensitive galvanometer. When the balance 
is in ilio null deflection position, the resistance of the bridge is adjusted 
until tliere is no deflection of the galvanometer. But, when there is a small deflec- 
tion ol’ the balance beam, the spot shifts more on one cell, thus destroying 
tlie balance' and a large deflection of the galvaiionictcr is observed. By this means 
a magnilication ol the balance beam deflection of nearlj?^ 500 times is easily 
obtained. It can be increased even further by iiun’casing the intensity of 
Tllunnnatjon 

The photoc.ells are mounted side by side in a wooden box painted blac.k lusidc 
with a small aperture to admit the light, the <‘ells being located at the farthest 
end of the apertnrt' A sctcav motion is provided at the back to shift the posi- 
tion of the photocells slightly, if necessary \ 


MEASUKING SYSTEM 

Ciineiit to energise the liompensating coil is takc'ii by suitably tapping a 200 
ohms variable potentiometer type wnro-wound resistamse (ioiiiiectcd in sm’ies 
witli a SIX volt lead accuniulator ol 1 25 ampere hour capacity, ^he variable 
tapping IS necessary loi measuring samples of different orders of susceptibility 
value'- Three variable resistances of 2500 ohms, 500 ohms and 10 ohms conrie-ck'd 
111 series with compensating coil are emjiloyed to provide coarse, medium and fine- 
controls ol the curri'iit, respectively A svdtch starts and stops the current wdiile 
a (lonimutatior controls its direction to balance para- or dia-magnetic samples. 
Three precision ivirc-wound manganin resistarnies of 500, 1000 and 1500 ohms 
with potential tappings are included in serk's with the coil, the potential drojis 
across any one or more of which can be measm’cd with an aiamratc potentio- 
meter giving results correct upto 2 microvolts. The same galvanometer wdiieh 
is used with the photocells, can be connected by a throw'-over switch to the poten- 
tiometer circuit Avhen desired 

in actual measurements, the galvanometer is first connected to the photocells, 
after the samph' is jilaccd in pvisition Tin' position of the galvanometer light 
spot is noted When the magnetic field is switched on, the light spot is 
observed to move away. Now the current in the balancing coil is started and 
adjusted first wnth coarsi', then medium and linalty with line controls, till the 
galvanometer spot comes liack to its original position. The galvanometer is then 
connected to the potentiometer circuit and the potential droj) across the desired 
standard resistance is measured by comparing against a Weston standard cell. 
The temperature is measured wuth a calibrated copper- constantan thermocouple 
using the same potentiometer wdth a throw-over swatch arrangement. The 
susceptibility is calculated from ecpi. (12) by calibrating with a standard subs- 
tance and knowing the initial current. 



An Electrodynamic Balance and a new Liquid^ etc, 513 

11 E P R O D U O 1 B I L 1 'r y AND A 0 C IT R A C 

To tost ilie Reprocliii-ibihty of tlio})alaiico the follow ing procedure was adopted. 
The ‘iintiar current 6'^ was deteruinied Then a crystal ol' chroiuiuiu potassium 
sul[)lia,te Jilujii pie])iircd liom Merck's G K quality lenj^eut was sus[)ended and 
balancing currenl. was deti‘r mined. The sauu* process was repeated with seven 
crystals of the same sidistance AMth dilfcreiit masses The ratios of the masses 
and the coirosiiondnig yjolential drops for halancing currents correctc'd loi initial 
cui’ient should hc' the sa-iiu^ firovirled the tcunperatures au‘ sliuk'. The results, 
after allowing for small tempiu'ature changes during nu'asurements are summed 
iiji in the 1\ihle- I 

TABLE I 


iSonal 

no. 

oi 

t’^5^sUllR 

Mfl,S,S o/ 

cryntul 

Potoiituil drop m jnitTovolts f oirti.spoiirling in 

Ijiitial Bulaming CJorrooiod polontial 

(auTciit cLUi'oiii. can out dropR 

Riitio nl DinnroiK’CK 

jmisHOh 

1 

0 10492 

giu —53 

42()(» 

r, ---1319 

1/ -1 3093 

VIj _ 

1 3700 

- 0007 

2 

0.07008 

n - 53 

3101 

r. "3154 

'-i^l 6997 

1 1 

nii 

mj 

1 0991 

-1 .0000 

3 

0 00176 

„ -52 

2489 

V.i ^2641 

J/ = l 8778 

">i 

1 8799 

— 0021 

4 

0 05581 

„ -52 

2248 

F4 = 2300 

^'■^2 0905 

f/it 

2.0917 

-.0012 


0 05010 

„ -53 

2013 

F^-2000 

4001 

1 (i 

m\ _ 

2 . 4042 

1- .0019 

6 

0 04304 

„ -54 

1795 

F,.- 1795 

^'/--4 1049 

mj _ 

4 1035 

^ .0014 

7 

0 02.520 

„ -.54 

0983 

Ft 1937 






It will be s('en from a))ov(' that the reproducibility of tlu^ results arc better 
than 0.1% 

We adojitod the following })rocediires to check the accuracy of our moasure- 
ments : 

a) A carefully prepannl single crystal of F(*+'* alum belonging to the 
cubic class (using E Merck's G.R. (juality reagent) Avas siisiiended from the 
balaiK'o arm in the usual manner The balancing current was very accurately 
measured. The temperature was measured with the thermoc.ou})le. The same 
process w'^as repeated ivith the Merck’s G.R. (piality cobalt-lree standard Nidjj 
solution of cone — 0.2590 and density — 1.2993 at 305.3^'K, tlu' mass 
susceptibility of which has been moasurod very accurately by several w'orkers 
2 
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(Weiss and Bruins, 192(), Brant, 192J ; Bose, 1935; Nettloton and Sugdeii, 
J039) and is givrai by the formula . ;^xlO® +tl-'7]93— 0 485 j c— 0,7193 

wlioni T js </lu‘ alisoJutt* temperature and c is the coiieentratioii of NiClg in gnis 
jjcr gni of the solution 'Idie initial current was determined and susceptibility of 
Fe'^'' alum was caliailated. Any fluctuation in ternperatue was accounted for. 
The measuitmicnts were made on 3 or 4 crystals of Fe+* alum and the nu'an value 
was tah(iu 7’lu‘, value was corriictcd for diamagnetism and tlie moan sq. moment 
was fhd.ernnned by the formula: [ 

Vl‘ = 

\ 

The- va-liK* of 'fif is lound to be 34.78 at 300°K as against earlier values 34 79 
l)y (Junes and (Josterhuis (192G) and 34.80 obtained by Dutta Roy ( 195.')) at300'^’K. 
Ft lia,s bf'en shown liy Van Vlock and Penney (1934) that for Fe'“ ion which is 
m lih(‘ st-ato, the. mean susceptibility value should obey the Curio law upto 

teim at least with a sjun only value of the moment The small difference from 

th(' spin (uily value 35, can not be duo to error arising from* the shape 
eflei t of ( he single crystal since a spherical jiowdcr sample was observed to give 
tlie same value. Tlic small departure must then be due to the deviations from 
the ideal /S’-sl atc in consetiiicnce of configurational coupling oi a small deiiarture 
from Ru.ssel -(Saunders coupling. However, our results agree with others to 
v'ilhiii 0 1 %. 

b) Ci’i '^ alum crystal also belongs to the cubic class. The same procedure 
was adop(-('il and the 7 /“^ value was obtained taking Fe+^ alum as standard 

TABLE il 

Results on Ni(KS 04 ).^.fiH 20 


Pot-enUiil drop oorrp. to Mol. susceptibility 
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4146 

4162 

4261 

300“K 




An Electrodynamic Balance and a new Liquid, etc. 515 


The value for Or i-* alum as obtained by us. is 14 89 as auunust I 4 92 by do Haas 
and Gortcr (1932), after correction by Serres. and 14,91 bv nutta Uov (Hinii), 
all at 300"K, and is well within the experiineiital error of lliese aidliors 

c) As a last check, we have measured the pniiei|ml siiseeptihility l aliu'S 
of Nj(KS 04).2 9142^^ jnonoeliiiic class. Takiiif); chrome ahmi as ,slaudiird, 
measurements were taken on three different single ciystals ol Ni( KiSO,,)...(>ll 20 . 
susj)eiulcd with crystallographic 6-axis verthial, Tlie nu“a,.surem(*iits gave y, 
for the substance. Employing the accurate anisotrop^'^ results ol Dutta (lOril), 
and y^ weri‘ calculated, The mean x fi>*' spherical powdered samples wa^ip 
determined The values are given in Table II The i-(‘sulls of Ki i,sliuan t^hakra- 
vorty and ‘Banerjee (1933) are given for comparison . 

DESCIllPTION OK THE 0 R V O is T ,\ T 

The earlier cryostats used in this laboratory (Bose. 1947; Dutta Ivoy l9do) 
were rd' gas flow typo in which liquid oxygen, kept ni a separate ri'siu'vou', was 
pumped into the cryostatic chamber, evaporated and made to ilov rouml the 
1 ‘xperimeutal chamber, the control of the tomi>crature ludiig (dteeied partly by 
adjusting the flow of liquid and partly liy a gas thernionu'tcu relay dtivic.e Tlu^ 
range of temperature was limited between 300”K. and S2'"K The control of 
tompi'iature was not very fine and meaauToinents at very small intervals of 
temperature could not be very conveniently undertaken. Moreovt'r. the eon- 
Huniption of liquid oxygen was quite large as much of the cold was wasted. 

In view of the above difficulties, wo have con.structed a neu' type ol cryostat 
which avoids the above drawbacks and provifles an extremely fliu* c-tintrol rif 
temperature. A liquid bath type of cryostat, instead of tin- fl(;iv ty])(\ has been 
chosen, the control of temperature being effected by varying tbc‘ iiressure m the 
vacuum jacket of the experimental tube, rrovisiniis have bf‘eri made' to hod the 
oxygen at reduced jiressure to reach temperatures helow 9(f'K A heater has been 
incorporated to counteract a slight excess of cooling, thus facilitating an extremely 
lino control of temperature. The system offers a groat economy of fhe, lupiid 
oxygen. 

The cryostat (Fig. 2) consists of a wide-inoutlicd (about 19 cm inner diameter) 
silvered glass Dewar vessel [D) with a narrow tail (about 5.5 cm. mitiw diameter) 
to go between the polo pieces of an electromagnet with a polo gaf) of about fi cm 
The wider part of the Dewar is about 16 ems long and the narrow tail about 18 ein. 
long. A suitable brass casing 0 protects the Dewar from accidental breakage. 
Another brass case (B) fits inside the glass Deivar and contains the r(*frigeraiit 
liquid oxygen, preventing breakage of the glass Dewar by direct contact with 
liquid oxygen refrigerant. The experimental chamber (A) is a double-walled 
silvered cylindrical pyrex gass tube 41 cms. in length, and of 2.6 cnis. and 3 8 cms. 
inner and outer diameter respectively, with an inner lining of copper i^hoet and 



616 A. Hose, S. K. Dutta Hoy, P, K. Ghosh and S. Mitra 


outer wiapjjj'ng of copjjor gau/o ((4) to niaiutain tlu* tejnperaturo iiniforiu. The 
mter-space of this jacket is conuectccl to a intuouiy diffusion pump to maintain 



a high vacuum. The interspace has a controllable leak to the fore vacuum side 
to control tlie heat leakage across the vacuum jacket The top of the cryostat 
cluimber is covered witli a brass cap (E) fitting the inner brass casing, to which 
it IS sealed leak tight with Wood’s alloy. The outer brass casing has anotlier 
cap {E') sealed to it Avith Wood's alloy. Each of the brass caps has three corres- 
ponding outltds. Tlie first pair of holes Aj are connected by a german silver tube 
through winch liquid oxygen can be poured in and the mouth closed leak light 
Avith a ruber stopper. Through the second jiair passes a german silver tube 
connected to a large capacity suction pump through a pressure stabilizing bottle 
to make the liquid oxygen boil at reduced pressure. A sensitive differential 
manometer is introduced in this circuit to record the vapour piessiire inside the 
container. The experimental tube comes out through the third tabular aperture 
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//, at. thf (‘(‘Tit.ro (pi tlio (.-ap and is (iouplod t.o it loak-light by a niiilior band Tb(' 
(*xp(*iim(‘ntal tulx' (bon procoods to tli(‘ bottom of tl»o balanoc* (■hamb(‘r wh(‘ro 
it IS sia'dod i>itli pioion wax. Tbo spaio botwoon tho (putor and innor brass oaps 
IS paok(^d A^'lth iolt and Jinod with an aiuiniiihiin roilooior t.o miiinnis(‘ (lio boat 
l(‘akagi‘ fiom i,b(‘ lop ol llio ciyostat 

A oylindrical coppoi oapsiilo (o) of about 2 4 cms. dianud.oi and S onis. longtb 
fitted at the bottom of tlio oxporiiiiontal space is oonuoetod by a stainlo.ss st(‘ol 
caiiihary tiib(‘ oi \ mni diamotei- to a m(‘rciiry iiiaiiomotor svstom. and soroes 
as a oonstant. A'olmuo an tlun-moinoter imnpoi atiiro control unit.. Twap iplantinuin 
(‘l(‘ctr()(b‘S fns(‘d ^\\ tbo manomotm’ glass tul)o. oiu* dipping nisidc' tlie nu‘r(mry, 
tbo otlu'r just ribo\ e tlu' nn'rourv level, aie connected to a sinaJl inagnotic lelay 
sv.stoin, broidving and making tho circuit ol a non inductive cylindrical mc.liroino 
.‘10 w'att. lu'ater (‘loiuont kejil inside the expin-imental cbaiiiber and fed from a 
12 V(plt batl.ery Tbo lioat can bo suitably c(uitrollo(l wdtb an (‘xternal variable 
loi.ding re.sist.aiKS' Witliont using Inpiid oxygtni in th(‘ Dewar the toniperatiire 
(ian sately b(‘ raisc'd to anv value iiji to about 400‘'’lv. 

Tb(‘ tbormo, static lolay-systeni is fire-set to any given teni]i(*rature liy ad- 
justing tbo mass of the air m the gas tbermonietei As soon as tbor(‘ is any lall 
m tbo t.mnjKTaturo, the aii contiacts and tbo morcuiy column in the manomoler 
closes th(' relay c.ircAUt through ujijioi platimira contact which starts tho lieating 
current When tlu' 1omporatur(‘ rises above tho preset valiu'. tho relny ciiciut is 
br(.)k(‘n off and tbo b(‘atnig current stops. In this w^ay, the tomptn’atuio is con- 
trolled a.iitomati(.,a.lly and remains oonstant for sufficiently long time, within 

0 or’(^ Tins dii‘i(*ronco is not observable by changing potentiomoter dud ol winch 
the h'ast. (ionnt is 2 microvolts or about 0.05", but is detectable only w ith d(‘ih‘ctioii 

01 th(‘ galvanomet(‘r with no shunt, capable of detecting chang(‘s of 0 1 microvolt 
1 e., about 0.002" 

For temperatures Ik'Iow^ that of room, the inters|)ace (pf the glass jacket is 
evacual.ed by the mercury diffusion fiuniji until (he dark stage in the attaished 
disciliarge tube is observed The cryostat chamber is then filled with Injuid 
oxygc'n and the mouth is closed by the rubber cork Tho Unnjierature inside the 
(‘xjierimental tube is then found to go dowm slowly at the rate of about 1" per 
niinute Tlu' fall of teniporature can be stopped at any .stage and held con.stant b^' 
firc'setting the relay To obtain lower and lower l.emperature, tin* line leak 
to the f()r(‘ vacuum is opeiuul more and irioie and tlmn diffusion jniinp is 
sv'itehed off, only the backing pumxi is kexit running. Finally, for the measure- 
ment at li(piid oxygen temperature, the backing jnimj) is also shut off and a 
leak to the atmo.sphere is introduced 

For measurements in the range of 110"K to bO^K, the liquid oxygen inlet is 
tightly closed by a niliber cork and the large capacity suction pump connected 
to the (iryostat ekamber is started. The pressure is adjusted and read oft from 
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Iluj (liffori'iiiial iiiaiiomeler giving the temperature of boiling oxygen, from vapour 
prcssuri' chart, Different temperatures down to about 62^K are obtained by 
chaiigiJig the jJiessure with the help of a suitable leak valve in the iiump circuit and 
using the heater coil with the ludp of the relay system. 

T 1 1 Jt M O ( ! O U P L E C A L 1 B R A 'r I O N AND T E M P E H A T U H E 
MEASUREMENT’ 

TTic tomperature in the region occupied by the crystal in the expcrmiental 
chamhiT is incasurcii with the help of a copper-constantan thermocoiipk^ T (Eig 2).i 
One of the juiuition is located close to the crystal ^’iTiere the temperature is appro- 
ciably the same and tlic other junction is kept at the temperature ol pure melting 1 
ice kexit mixed Avith distilled water m a thermos bottle outside. Th(‘ two junc- \ 
turns arc sheathed by thin walled pyrex glass tube. ' 

The thermocoujile was calibrated in the usual manner (Bose, 1947) using 
a vernier poteiitionu^ter reading to 1 microvolt 

The temiieratuTP — eni.f. relationship) of the thermocoupih' is given by 
E — at-^ht'^ (• 

where for our thermocoujile. 

a ^ 41.101 
h = 0.03977 
c 1.941 xl0-« 
d = 4.7905x10-’ 

The caliliration of the thermocoujile was checked with the Leiden lieliiim 
gas thermometer scale by comparing Leiden suscejitibility measurements of ferric 
ammonium sulphate alum at the room-temjierature, liquid ethylene and liquid 
lutrogim temjieratiires with our own. Our room temperature susceptibility 
IS related to those at other temperatures by the formula (Bose, 1947). 

... ( 13 ) 

Avhere Xt )(o gram molecular susceptibilities of the substance at tem- 

jHuaturc T and room iimiperature respectively, F^, and Fg are the forces acting 
cm the sample at these temperatures, and Kg are the volume susceptibility 
of air and that of the substance at room temperature 6, and y is the coefficient 
of thermal volume expansion of the sample. So, the measurements of 
susceptibilities at other temperatures can be easily made by comparing forces 
on the sample at room temperature and any other temperature. 

The results of the low temperature measurements of ferric ammonium alum 
are given graphically m the form of p/—T curve (Fig. 3) which shows very close 
agreement with Leiden and other values. 



An Electrodynamic Balance and a new Liquid, etr. 5 1 9 

Since the accuracy of the inoasuremeni of the balance lias already been chocjked 
and can not be doubted, the tcniperatures at wliich the susceptibihlies are mea- 
sured fall in very well with the Leiden scale. 




* TLMPCnruBC (’It) — P. 

Fig. 3 

Our curve for alum shows a very interesting deviation Irom ('line Lav 
wliKjli, it is expected, to follow bemg in a ground state, Thi're is a 

deviation in the linearity of the p/- T curve witli a hat miniinnm at about 
170'^K. This deviation is reproducible and exactly revorsilile Jt is alreadv 
noticeable in Leiden and Dutta Roy’s measurements, but no explanation ol 
this has as yet been given, 
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A REMOTE CONTROL ELECTRONIC TORQUEMETER 

S. C. MlTliHEUJEE*, and H RAKSHIT 

Indian Institute or Tec-hnolooy, KnAUAfiTuit 
{Hvuived Anquht 9, 1963) 

ABSTRACT. J ’ho pupoi giv'^o.s doUuls ol obHorvjiiioiis (jii iui olooLi'iiiiio l-oriiLiometeil. 

A vutal'inj^ shull- ti'niiHiniLting moohniiuTil power utiLloigoos a twi.sL which is nieusuiod in Lorms 
ol 1/iJfio iiil-ervul and iiumljor of lovohiljoas per nuriuto of the Hhall/ T]u,so two cinanl.ilaos'i 
can 1)0 niuahurod fioin a romoto flisUmco with suniicieiit accuracy Tlio tori|u^^mo(or doacubod'^ 
JH auitablo loi both high and low wpoeds and doe.s not nnposo any approoiablo load on tho I'ota- 
ting syKlom 'I’ho .stability of tho torcpiometor at high .speed has boon ciitically sliidind and 
details of do.sm-ii oxplainofi I’ho jiorlomianco in moa.siiTing power ti'.insnn I toil by a rotating 
shaft has also been cliockod bv comparison moUiud 

I N T K () JJ U U T I 0 N 

TIu* viinouK typos of insirumcnts that JiatM' been developo' ^ for Jiii'aniiring 
torque of a lotiitiiig shaft can he bruarlly classified as follows ^ 

(i) Mi'ohanical devices based on coiiceiitric sleeve and disc displaceniont, 

(n) Electrical devices based on the change of inductaiii'e and cayiaiiitance 
and resistance ol strain gauges. 

(ill) Elect ronio devices based on the detection of eleid-ncal signal ])roduced 
by elianges introduced m the shalt dm^ to tonpie. 

Of these various types of mstrumeiits, tliose based on ('lectronie doteetioii 
are by far the most sensitive However, complex (dectrome mstrumeiits wbieli 
have so fai bi'eii introduced (Dean and Kilburn 1955, Ainley lO-IS) Jiave certain 
disadvantag(*H and liimtatums, viz (a) they are not siiii-alile for botli high and low 
speeds and (1)) tlieie is difficulty in accommodation of tlic detecting devie.os. 
These limitations have been obviated in a sensitive remoii* eontrol electronic 
torquemeter (h'.signed by the jircscnt aiithois (Ilaksliit and Mnlcberjee 1955 and 
195S). 

As has previously been reported, in the new' system twui sharp pulses of voltage' 
are produced iii tw'o magnetic pick-up coils due to tlie eJiangi' m Hux caused by 
two balanced blades ol‘ magnetic material fixed at a known separation on the 
rotating sliaft. Initially, wlicii the sliaft is running free without any load and 
there is no tAvist in the shaft, the positions of tlu' juck-up units are so adjusted that 
the two puLscs occur at the same instant In practice, the physical positioning 
does not require to be critically adjusted and the simultaneous occurrence of tho 

♦Lputiirer in Coininumoatiuii Engineering, Hengnl Enginoonng Collogo, Uowruh. 
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two pulses at the measuring point is ensured by ad,justmg to zero the relative 
delay l)eiwccii tlie pulses after they have travelled through eleotri(!al delay systems 
A bloolt sehematu; of tlie ariaTigomeiit js shown in Fig. 1. 



CHANNEL -2 ^ 


Fig. I Block (liugraiu ol the torciueinetor 

When the. shaft transmits powTr, it will undergo a twist and as a result the 
pulses Avill be sepaiaterl by a small inteival of time which is dependent upon tin*, 
angle of twist and the speed of rotation of the shaft This time interval T is given 

by 

^^g^second, ... (1) 

where N — sjieed of the shaft (rev. /min), 

and 0 — twist angle in moe.hanical degree between the two blade positions. 

Coimndence is then restored by varying the delay, with the help of an acou- 
rately calibrated potentiometer, of one of the pulses with respect to tlie otluT 
The change m delay is obviously eijual to T and this ultimately gives I) 

A C G U It A G Y 0 F T H E M E A S U R 1 N G T K C H N I Q U K 

The mam problem in the electronic torquemeter is thus to measure the very 
small time interval between the two pulses and the number of revolutions per 
minute which, of course, is relatively quite easy For example, if ~ 15,000 
rev /min. and 0 — 0.1°, which is the permissible full load twist angle per foot 
of mild steel shaft, T — J. I microseconds approximately. 

It is obvious that once coincidence is established, either m the rotating or in 
tlie non-rotating condition of shaft, it has to be maintained in order that tlui 
measurements may be reliable. Moreover the accuracy of measurement of a small 
time interval between two pulses is dependent upon the sharpness and also the 
duration of the pulses. The resolvmg time which is half the maximum time 
separation for which the pulses will remain eoincident is obviously a function of the 
3 




522 


S. G. Mukherjee and H. Rakshit 


j)iilse wjdiJi iS|jL‘t;uil care lias therefore been taken to develop suitable circuits 
](jr f^enciiiUii^ vci y sJiarp and stable pulses. The operation of the system under 
stal M ( omlition ot shall vvhi(;h obviously depends only upon the electronic circuits 
has IxMMi louiid tn he very stable. For this purpose tJie two pulses obtained from 
tli(‘ |)i( k-ops iioder dvnaimc condition of shaft were .simulated by a single reference 
juitsc ol)tam(‘(l fi'(ijn (a) bO cycle mains, as also from (b) lK(./s multivibrator This 
siogl(‘ puls(' ('xeiti'd the two electronic delay channels The resolving time was 
louml to be 0.02 /csec; a small amount of jittermg could not, hovever, be avoided 

Thi‘ stability nndei lotating condition of the shaft depends ujion both lilie 
electronic circuits and th(‘ rotating moclianical system including the associalffid 
magnetic jm-k-ii]) demces The jiresent paper gives a detailed aceount ol (be dyiiL 
mic stability at both liigli and low speeds. \ 

STABILITY TKtiT 

l^'or .studying tbe .stability ol such an electronic torquemeter a bigli .speed 
sluill. unit was lirst constructed with two brass (Uses, 4 in(,lie.s m diaiiKd.er and I/S 
incli 1jnek, ILved six mclies apait on a 5/8 inch diameter shaft. Two jirojeeted and 
balaiict*d mild stec'l blades were fixed on tbe two brass discs (Fig. 2) , The shaft 



t’lg 2 n aj)HL'tl Hlmlt/uiiii with pick iqi dovices. (A) Mechanicsal aot-up, (B) projected 
blade and mieromuter arrangement. 
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could be rotated at different sjieeds by a three phase a c motor throujfh a F-belt 
and sets of ])ulleys. Initial observations showed that at l(n\ speeds iJie sysU'in 
workiS quite satisfactorily but at higher speeds eotisulerabh' jitler is ])res('nl 
Tills is due to tlie fact that in addition to the small amount of |itti'r due lo elec- 
tronic circuits, there are under dynamic conrlithms three main lactors eonln- 
buting to enhanced jitter These are ; 

(i) Vibration of projected blades due to intiTmitlc'nl resistance' expei'ienci'd 
by them in the pie.k-up gups This vibration <iauses relative' dis})lace- 
ment between the blade and the associated pick-up and tlu'reby incri'asi's 
the jittering. 

(ii) Vibration of the F-belt due to the fact that the jii'riodic air drag 
on the projected blades when they move through the* jnek-uj) air gaps 
introduci's intermittent changes m the te.nsion of the Iv'lt The non- 
unilorm elastic property of the belt material throughout tlu* belt' also 
causes random change in tension of the belt which, in turn, iifodiuics 
non-uniforni driving torque to the shaft by the belt and luMice eausi's 
jittering. 

(lii) Vibration of blade and pick-up due to niugm'tic niteraetiou lesulting 
from periodic linkage of the projected steel blade and the magnetic 
field in the pick-U]) gap. 

The design of the bearing block used in the initial stages is shown in h^ig 11. 
The leading edges of the blades were of course of special form to rednf,e air fnidion. 



LEGEND 

1 MAIN SHAFT 

2 BUSHING 

3 BRASS DISC 

4 NUT TO FIX 3 

B GREASE RETAINING COLLAR 

6 BREASE RETAINING COLLAR 

7 POSITION FIXING COLLAR 
e BALL BEARING CASE 

9 LID FORB 

K> BODY CASTING 

11 CASE FIXING SET SCREW. 


]d^. 3. Bearing block for shaft unit. 
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The* pK;k-ii|j milks wore rigidly fixed on a massive base and one pick-up could bo 
moved ai right angles to the shaft by micrometer aiTangement (Fig 2B). 

Instead ol a twist produced in the shaft by load, it was simulated in tlie fol- 
lowing way The two pick-up units arc so positioned that the two pulses occur 
ajiproximately at the sanu; instant v'hcn the shaft is running free The initial 
delay m each (dianncl is adjusted to a value near its minimum corresponding to 
the linear portion of the calibration curve giving delay against potentioinetiir 
reading The delay is controlled by means of a linear Holipot potentiome]|ter 
fitted with a precision dial The shaft unit is then rotated without load and llio 
delay in the A^ariable channel so adjusted that the two output pulses oe,cur simiil- 
taneously. Tlie movable piek-up is then linearly shifted by 2-cirfiular divisions 
of the micrometer in a direction opposite to that of the rotational direction of thp 
blade near the pick-up and as a result the coimsidence is lost, Tliis shifting of the 
pick-up produced an equivalent twist 0 between the two blades, given by 

n , ... 

^ ■■ 

where d = linear displacement of the pick-up 
and R — effective radius ol the blades 

Coincidence is then rostorc^l by increasing the delay in the channel corres- 
ponding to the movable pick-up Owing to finite width of the coinciding pulses 
and some unavoidable jittering and flutter in the blades it was not possible to 
realize sharp (;oincidence with very small resolving time as will be seen from tlie 
results given below . 

Incidentally, this gives us a method of finding the effective radius li Thus 
if the delay potentiometer is calibrated and the delay for one dial division of the 
potentiometer is K and the (diange in dial reading for restoring coincidence is 
A divisions then the delay is KA and from equations ( I ) and (2) we have 


R = 

IlNKA 


... (3) 


Rr.fiiiltnH of initial ohservatioufi 

As already pointed out the resolving tune was not as small as desired but 
flickering coincidence was detected over a certain range of the Holipot dial as 
given in Table T 

It should be noted that the scatter in the coincidence reading, e.g., between 
160 and 277 for the initial potentiometer reading for r.p.m. 3060 is partly due 
to (a) the jittering between the channels (Fig. t) and resolving time for coincidence, 
and is largelj’’ due to (b) the fluctuation of torque between the two blades and the 
vibration of the blade and piok-up as explained above, In regard to (a) it is of 
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TABLE 1 

d ~ 2 circular djviHioiiH 0 002 inch, K - 10 4 naiu>soc(m<ls/divi»ion 


Potentimiioter Heading 


Ilov/Min 

Imtuil 

llaiige iMoun 

Kinal 

liango 

Moou 

l^jffemnoo 

Average 

(A) 

6 

(degree) 

(moll) 

UOUO 

1001 

218 5 

355] 

442 6 

224 





277) 


530) 



223 

0 0426 

2.691 


170] 

22G C 

367] 

448 5 

222 







540 1 






.^KOO 

lOUl 

212 

280) 

331 

119 





204) 


.382] 



119 

0 0430 

2.661 


1751 

281 

293] 

350 

119 





287] 


407 1 






0(i60 

KiU) 

210 

235) 

285 

76 





260] 


336 1 



74.5 

0.0440 

2.635 


1811 

226 

253) 

300 

74 





27lj 


347 J 







l/lio order ol'O 02 /<-.secic>nd as obseivcd when the reference pulse vv^as applied directly 
to the delay lurciiits; this ineroasos to 0.03/0 04 /zHecond wlien the two pulse shaj)- 
ing channels are iiitrodu(!ed as indicated in Fig 1. The lluctuation of torque 
(b) originates fioni the pulsating “air-drag” and ‘‘magnetic drag” jointly in each 
narrow gap of the [Jick-up, and is also due to vibration of the F-belt system. 
The ah' di'ag is likely tfi increase with sjjeed up to a cerbam limit while the mag- 
ludic, drag is expected to decrease since the duration of magnetic interaction between 
blade and pole piece \ull decrease with increasing speed On account, of the iner- 
tia ol the rotating disc assembly it is likely that the vibration due to F-belt driving 
system will be less at higher speeds The overall jitter at any speed will 
be given by the resultant effect of all these causes. Tt will be noticed Irom Table I 
that within the range of observation, the scatter in coincidenc-e decreases with 
increasing speed Thus, for mitial coincidence, the scatter is 115[ — ^{(277 — 
100) -1 (283 — 170)}] divisions at 3060 rev/rain, 108 divisions at 5800 rev/min and 
95 divisions at 9000 rev/min. Although the scatter in coincidence reading do- 
(Tcaseb, the corrcsjionding flutter SO in twist angle increases with speed. Thus 
from equation (1) 

Aj N\ A., ’ 

where ^4^ = 115 at = 3000 rev/min 
— 108 at A'a = 5800 rev/min 
= 95 at Ng — 9660 rev/min. 
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^ives ^W^ • fW,, (iVy, - :i r>|() • 0.204 : 9.170, i o , fW,, - - (Syy, Avlndi showR 

Uicifc tlu‘, pulKalin^ U)r(0K* iiic.rcasus with speod 

Moifovrr it, ha.s bt'en observed that a oonsKb'iably larger anioiinl. of power 
IS rctpiired ioi diiving the shall with projected blades to overcome the steady 
Irictional jesislaiii'c due to air when the speed is increased liom IlOOO to bSOO 
r.p.m. It has lurtiier been noticed that when the projecteil part ol the blade is 
rf'diiced I'lom 1 5 me.h to i inch, this extra dTivin^i power becomes very small 
Tlio design oJ the rotating discs and the shaft unit had therelori' to be modititjfl 
as described beJoiv. \ 

Modified dr<^ifjn of roittiing disc and shaft unit : \ 

rile modified design is given in Fig 4 and the spei ial leatures are the following 



Kip. 4 Modified dewpa of disc and pick-up (A) Front elevution, (B) Side elevation 


(i) Blade To avoid air friction on the rotating piojeeted blades and vi- 
biations set up therein due to magnetic interaetion in the pick-up 
pole pieces each blade was replaced by a small mild steel piece (3/8" 

3/Ui"xl/8" thick) embedded 1/8" inside the periphery ol the brass 
disc (3|" X 1 /S" thick). The flat surfaces of the discs were highly polished 
to minimise air friction on the rotating discs. 

(ii) IhcJc-uj). The air gap in the pole piece of the pick-up previously used 
was^ iiu;h and the intensity of magnetic field in the gap was 5700 gauss. 
The interaction between the^rotating blade and this^inagnetki field 
produces vibration not onl^" in the blade but also in the base and body 
of the pick-up For better stability of performance, which is very 
important for high-speed operation, since for the same torque 0 the time 
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internal T dot:roasef< with iiK-roasm^; .s])ci‘d, the eontiliueUoii oi the pielv- 
unil iH to be more rigid. Tii the inodifiiMl design a (7^-shaped [X'rimi- 
neiit magnet witli screwed pole piece has been used TJu^ pi>l(‘ 
are Il/S" x IM" "tA). The intensity of magnelu 

held in the air gap of the inodilied pole piece has. Jiowever, bi'en much 
less, aliiJiit one-tenth oi the previous value Tlni rigid eonsIriK Uon 
oi pick-u]), llie embedded Idade system tombined ivith reduction ol 
magnetic held, considerably minimised the vibrat-ion iiroblem The 
scatter m ]iotcntiometer reading lor coincidence reduced t/o about 15 
divisions as against over 100 divisions in the pievious arrangement . 

(ill) rie-(()npUjin . With thf‘ inodilied pick-up the amplitude oJ’ tbi' juilses 
firodiici'd at a speed ol 1500 r.p.m was only about 1 volt. \ ta\ o 
chainu'l prc-umplifier with cathode-follow ei ontjiut Ims theri'ibre lieen 
used to get a negative pulse w'it-h iiat top and sharp leading edge loi 
driving the main amfililier in the electronic torcpiemeter at u i emote 
distance lMi(‘ pieamplilier is fed with a stabilised poAviT sup])ly. 
P(‘t'fo)‘hnui(r uuf/i load 

Tor ti'stiiig tJie ojKTdtion of toi (piemeter under load, the sbalt unit was put 
in between a d c motor and a d.c. generator diiA'en by tlu' motor H’he principh' 
of measurement of power transmitted by the shaft is based on [l(>})kinson's method 
of liack-to-hack test of d e. shunt machines in w^hich tlu' different lossi's 
and the efhLieiicics of the twui d.c. machines can be ascertained juceisely. It has 
beeai eluMiked that during operation the mechanical ])ow'(‘r transmitted hy shaft 
is eijual to the mi‘.cliamcal power received by the generator. Tlie method becomes 
simiilei il th(^ tw'o machines are identical, i e of same rating, type and modi'l. 

In the experimental arrangement, the twm identical d.e nuKiliines were (soiipled 
by means of a shaft 0 751 inch diameter and 10.5 mclu’ss long, the tivo discs vith 
omliedded blades being fixed inches apart on the shalt (J'5g 5), The tesis 
were eondncled at speeds near about 1500 r pm. The transmitted and reeeivetl 
powcis measured from electrical data gives toripie in electrical units. This toripie 
is compared witli that estimated from iiiechani(!al data involving the twist angle 
0 measured by the shaft unit. 

TJie diagram of connections of the Hopkinsoii's method is sliown in Tig. 0. 
The field current I., of the driven machine working as a generator is so adjustefl 
that at th(^ operating speed the output voltage of generator is ei^ual to that across 
motor armature. Under tins condition the generator output is fed back to tht‘ 
motor armature. Assuming that the shaft unit is not absorbing any iiower. the 
mechanical poAver output of the motor bce.omos ctpial to the mjuit to the generator, 
and the total losses of the two maclnnes, i.e. no-load loss and copper loss, is provided 
liy the supply mains. As shown in Fig. 6, the electrical pow^r supplied to the 
cumbmatioii of the turn machines running in parallel is W, given by 
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This power W consists of : 

(i) No-load loss w of each machine, 

(ii) Motor armature copper lose 

(iii) Generator armature copper loss 

where = motor amature resistance and Eg — generator armature resistance. 
The total no-load loss of the (iomhmatioii, which is ccpially shared by tlio two 
machines — Tlie no-load loss w per inacluiH* is therefore gjveii 

by oj - ^ 

2 

Now, power transmitted (P) m watts = motor output — generator input. And, 
motor output motor input minus its losses, while generator input — generator 
output plus its losses. Hence 

P — 2^7— — l^V-\-{w^-\ w) ... (4) 

The transmitted power thus estimated from electrical data is also equal to 


kp, 

12x33,000 ^ 


where 2'^ = torque produced in inch-pound 
and N — rev/mm. 


Hence 


12x33,0(|0P 
■ 746x27rN’ 


... (5) 


Again, in terms of mechanical data, T^ is given by 


300x10/ .5760/ 


( 6 ) 


where c == rigidity modulus in Ibs/inch 
d = diameter of shaft in inch. 

I — length of shaft between the two blades in inches as measured between 
the two fixmg screws, 

K ~ calibration constant = delay for one dial tlivision of potentiometer, 
A = change in helipot dial divisions for restoring coincidence. 

For any given shaft therefore, 

= (constant) xA/^d (7) 

Comparison of as given by equations (5) and (6) enables us to estimate the 
accuracy of torque measurement by the electronic torquemeter. 

4 
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MEASUREMENT AND RESULJ’S 

(i) Rigidity Measurement . 

A sJiaft from same specimen of mild steel as used iii Hoxikiuaoii method wom 
tested in one Anisler Torsion Testing machine, to find out the rigidity modulus 
c, which comes out to be 11.44x10® Ibs/incli^. 

(ii) R.P.M. Measurement : 

Since the blade prwliices one pulse in one revolution, the r.p.m. is 60 (lines 
the reiuirrence frequency of the pulses per second. A simjile method whudi has 
given very satisfactory results is shown in Fig. 7. Across the horizontal defloct- 



7 Arrangement for speed moaBuremeni, 

iiig plates ol a cathode ray tube the output of a calibrated audio oscillator is 
directly aiijihed. Across the vertical deflecting plates we have the xihase-shifted 
oscillator voltage m senes with the pulse voltage Under these conditions we get 
on tli(^ C.R.O screen an ellipse on which is superimjioBed the pulse voltage moving 
round i.lie periphery of the elliiise. When the pulse recurrence Irt'quency is the 
same as that of the audio oscullator, a single stationary pulse is seen on th.e ellipse. 

A second method, without utilizing a cathode ray tube, has also been used witli 
good results The recuiTent juilses derived fiom one of the jiiek-ups and pulses 
derived from a calibrated oscillator are applied to the grids of two valves having 
a common anode load resistarujc. A large output is obtained when the two imlscs 
occur Simultaneously. Details of the coincidence technique of measuring r.p.m. 
have already been described by the authors (Rakshit and Mukherjee 1955/2) 

(iii) Torque Measurement . 

The motor is run at desired s^ieed by regulating the field current 1,^ (Fig. 0). 
By controlling 7^, tlii? output voltage of the generator is made equal to V and the 
two machines are put in jiarallel. The generator output current 7^ is now zero 
and the motor iniuit curnuit 7^ is used up in the motor armature eoiqier loss 
plus the no-load losses 2 m» of the two machines 

(a) For torque measurement from electrical data we have to measure, 
in addition to N and the dilferent currents and voltage F, the values of R^ and 
Rg. These armature lesistances arc determined at room temperature and correc- 
tions made for rise in temperature under working conditions. 
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(b) For torque meaaureiiient troin ineehumral data have to jueusure, 
jii addition to c, d, I, N and K, the eliaiige ji in delay jiotentjoineter reading )>etw('en 
no-load and load conditions With the shaft iiint put in-between tlie motoi and 
generator w-^e do not get the no-load (‘onditnui and tiie <’hange A required a,M pei' 
equation (6) iw obtained aa bdlowa 

Initially when 1.^ is zercj, us stated above, oul^ a very small tonpie is present 
in the shaft The variable delay in the approjiriate channel is adiusted lor initial 
coincidence and the Hclipot reading is noted Due to flickering coiiieidenc(\ 
two extreme readings are taken to obtain a mean value, say A' The traiisniitteil 
power V IS then increased by incieasing which, in tuiii, is obtained by vary- 
ing keoiiing F and N constant. The rieiv Helipot reading is then noted 
'fills is repeatcfl for different, values of transmitted poivci and also for different 
values of JV. 

ft will be noted that for a given value of N. the plot of Tj^ oi D.F. tiaiismiited 
against A "will be a straight line passing tliroiigh the origin. Now d for N — N^, 
the initial no-load coincidence corresponds to A^ and the potent] onioter leading 



Fig. 8. Graph of tranamifctod power vs. Helipot divieiou. 
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iinckr load if A’, the corresponding value of ^ is A'—A^. Hence the straight 
line plot of H.P. transmitted against A' will give an intercept on the A' 
axis. Fig 8 gives the values of A q for different values of and these are shown 
in Table II. The values of torque estimated from electrical data as also from 
mechanical data for different operating conditions are presented in Table II. 

TABLE II 

9 

d = 0.751 inch, I — inch; K — 10.4 nanoseconds/division, c = J 1.44 X Ip® 

Ibs/inch'^ 


R.P.M. 

Tiiinsinitted 
H P. 

Torquo 
measurod 
from oqn(5) 
m 

Inch-Pomid 

Helipot 
Reading A' 

Ao from 
Fig 6. 

Torquei 

DifCereufo mRafiured 

A-=(A' — Ao) from oqn.(\l) 
m 

Inch -Pound 

1650 

.0816 

3 116 

172.6 

146 

26 5 

3.058 


1941 

7,410 

209 5 


63 5 

7 328 


3294 

12., 576 

253.0 


107 0 

12 35 


4392 

16.769 

292.5 


146.6 

16.90 


.5315 

20 293 

327.0 


181 0 

20 . 88 


.5881 

22 4.54 

346 5 


200.5 

23 14 

1650 

0729 

2.963 

2.55 U 

228 

27.0 

2.927 


1887 

7 . 670 

297.0 


69.0 

7 478 


2987 

12 141 

343 0 


116.0 

12.47 


4359 

17 718 

392.0 


164.0 

17.77 


5333 

21.677 

4;34 0 


206.0 

22.33 

1460 

.0669 

2.906 

2!02 0 ' 

173 

29.0 

2 941 


.1863 

8.093 

250.6 


77.6 

7 . 859 


3149 

13.681 

311.0 


138 J 0 

14 00 


4401 

19.121 

364.0 


191.0 

19 360 


6284 

22 958 

408 0 


23610 

23.83 


DISCUSSION 

The results of observations as given in Table II show that the torque obtained 
from the torquemeter is in very close agreement wil;h that obtained by the Hop- 
kinson’s ele(i|trical method The mea^surements were unfortunately limited to 
speeds round about 1500 r.p.in. since the, tw'o electrical maclii;nes used in the 
Hopkinson’s test were designed for such low speed. 

Other torquemeters have some inherent damping and are consequently rather 
sluggish in operation. They give a fairly steady average value even when the 
torque is fluctuating, i.e., short time variations in torque go luidetected. The 
present torquemeter can however detect such temporary variations. The elec- 
tronic circuitry can, of course, be easily modified to measure average torque when 
necessary. An additional advantage of this torquemeter is that practically no 
extra load is imposed on the 8,ystem. _ . 

The coincidence has not been very 'sharp and there is a definite range over 
which the coincidence takes place. This scatter in coincidence does not depend 
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upon transmitted po^^er and witlini thi' s|)i‘(‘d n\n^u' ol oljservation the scatter 
decreases witli increasing sjieed. This is (‘\j)c<‘t(‘d snuic at higlier speeds the 
impulse given to the vihratuig system ulieii the magiK'iie l^lade jmsses through the 
plek-up is of shorter duration resulting in reduced ^'j])raiion 

A (i K N 0 W i. E 0 (I F. N '1' 
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ENERGY STATES AT THE INTERFACE OF TWO 
SEMI-INFINITE ONE-DlMENSlONAL CRYSTALS 

H K,. (mOSH and a. Jv. LASKAli 

IJiCPAllTMENT OF PhySICS, iNJJfAN INSTITUTE OF TECHNOLOGY, 

KHARAGrUll 

[Hti'vived July 10 , 1963 ) 

ADSIRACT. Loonlizod energy levels are computed, by the scattentig iimtnx method 
1)1 Suxon and Butuei (1949), ut tho mtorUico of two similar HPini-infiriito cryKiiils with aclsoibed 
gas III tho iiitoilane, h'lrat, tho calculations havo been made for a clean iiitorfaop mid tJa'ii foi 
an impurii.y atom at tho mtorfhee The results show the oxisteiico of locahzof] slates at cortnm 
potential ationgth of tho ausorbod gas iSoino experimental ovidence ol tho thoorol ical losnlts 
aro given. 

I N T Jl O D U (' T I O N 

Tamm (1932) showed the exiKteiicc of localised energy levi'ls at the h’ec sur- 
face of a one dimensional semi-infimte crystal. iSmci^ tlien scveial autluTrs have 
calculated surface energy levels by various metliods. iShockley (1939), and Aorts 
(1900) calculated surface energy levels on the assiimjition that the potential of the 
houndary atom shows a symmetric behaviour. Aerts fiuTher extended the 
case to a surface contaminated hy an adsorbed impurity atom. On assuming 
this kind of potential, the results obtained by Aerts conform to the experimental 
observations 

In this paper, the electronic energy slates localised at the interfat:e of two semi- 
intiniie crystals with adsorbed gas layer at the interface, are computed Aerts 
(1960) has sliown that the interface helween two crystals is a kind of imperfection, 
which gives rise to energy state and thus plays a great role in its electneal behaviour. 
It is v^cll established that the electrical conductivity ol both semJe.onducting 
ciystals and films are strongly dependent on the adsorficd gas. When films of a 
substancie are deposited on a substrate, we havo adsorbed gas at the interface of 
two crystallites of identical nature. The presence ol an impurity may also he 
possible at the interface of identical crystallites. Wo propose to investigate the 
energy-states in the above mentioned systems A simple method based on the 
work of Saxon and Hutner (1949) has been followed. 

THE CRYSTAL MODEL AND THEORY 

Since the essential features of the problem would remain same, a simplified 
model of two semi-infinite crystals, of identical nature in contact is considered. 
The semi -infinite monatomic lattice has tho same spacing on both sides. Lei 


534 



Energy State at the Interface of two Semi-Infinite, etc. 636 

U be the atomic potential Due to the adsorbed gas at the interface the surface 
atoiUvS may be assumed to have the potential strength Let the interface 

potenlial be U f A graphical I'epresentatioii of the crystal model is given in 
rig 1. 


ac 

I 

— ►x 

rxi 

I 

t 

interface 

FiK I (liM|Jliical roprosoataUun of ihe ciWHial inoclol with adsorbed imparity 
(I) at the interface. 

Choosing tlio origin of the c.o-ordinate system at tlu^ interface, the atoms 
of the It H iS are localized at the points with abscissa x — (2?t-|-l)a and tliose of 
L.ILS. are localised at the points .r - {2n.-\-l)a, n being a positive integer. 

On the It fl ,S the potential energy is of the form 

■fw, = ) S I <S(x-«) (1) 

\ m / 0 m 

and on the L H S. the fiotcntial energy i.s of the form 

-i'"s = ( I rfk I (a»-i i)«] i «) (2) 

The uaves projiagatirig from either side will undergo scattering by the combined 
disturbances, first at the alisorbed impurity atom, then at the interlace and again 
at the adsorbed impurity atom Following Saxon and Hutner’s method, the 
Tlf -matrix as.soeiated ivitli the three combined distiirliances may b(‘ given by 

M .. (3) 

The matrix (li^) associated v'lth the ad, sorbed impurity situated at x ^ a. It is 
I 1 -f- i tan 0 i tan 0 

11, = ' , (4) 

- 1 tan 0 i-t tan 0 I 



where, 


tan 


X sin 2/^a 


(S) 


v^here /i is the wave vector and y" — — , E brung the electron energy in the 
crystal. 
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(^ 2 ) is i'll® translation matrix for a; ^ a to a; = 0 and is of the form 


, Q 



ft — 


... (6) 


0 

-p^lia \ 


Tlie. matrix (i^^o) 

1, associated with the disturbance al the 

interface potential, is 

given by 





j iau^ sin yu 

iau^ sin x<^ 



2x sin /m 

2 y sin fiu 

1 


at II 2 sin ,\v/ 

l_l_ rm^sin yr/ 

... h 


sin /in 

2 y sm /id 



IS the translation matrix for a; ^ 0 to a; and is of the form 


1 0 

\ ! ... ( 8 ) 

■ 0 

The matrix (i^i) is associated witii adsorbed impurity situated at x — — a and it is 
I tan /y t tan tV 

li,- ' I , ... (9) 

i tan 0 ]—i tan ' 

Writing tan 0-^ A, c'"" -= « anti = (< 

2X sill /ta 

and then siibstitutiiiir the values of ((XJj (^ 12 )- (ft) ^^nd in equation (3), 
we have 

ll-l 1.^ lA ^ B (t , I 1C -ic B 0 l+iA iA 

= i , , ... (10) 

— lA 1 lA ' {) B , ] /V l-f-i'C 0 B —lA l—iA 

The localized emwgy levels at. tin* interface are di'lermincd by the conditions 

il/j, --- 0; // - ’"+if , J X) - (11) 

Using second and third conditions of eiiuation (11), the appropriate Kronig and 
Penny relation can be written as 

(~1)" ch 2a I — cos 2axA- sin 2ax ... (12) 

The matrix elenumt Jfoa as obtained from equation (10) is given by 

^ 1^22 — tan^^?[2?‘ (sin im—c cos /taj-j-c] 

—2 tan 0 [i(l+?'c)c“2‘^^H-c] 

+ (l+ic)e-2‘/*« ... (13) 
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Using the first condition of en n 1 ^ i 

of the quadratic Eq. ( 13 ), are given by ° “““ ^ obtained ae a solution 

(.sin/ia- “^nan3:acos/ia.](l_2 cos* /«*- 2i sin /la oos,aa) 

lU^ 

^ tan xo- cos sm im 
tan $ ^ 

2i[ & sin* ^.a cos /m- 2?. tan y« cos ^a(J _2 


~ tan y«, eos ^ 

negS, dgnTwrlto* oo„d.t.ons oi equation (Jl) i„ equation (14) and taking 
tan <•“0 X''(l -c/i.2af)!j [(]_„/, 

2(1 tanyajd |-cA2«J) .. (ig, 

1/2I i( i_«f^.,.ot„yj‘_ Unay(eot*ay+ “^^.,ot ay)‘ ] 

biubstitutmg the value of tan 0, as in equation (5) in (16) we have 




2[i+. . 

L V cot 7rVj2 


If 2 ] 


Wl-leot 

7tV \ 

{1+ ^ ^ 

L \ F 

2 / 

^ Feot'^’' 

' 0 


\ ^ r nv (i_ z ■ 

' ^ 2 I g„„t -i: 


( 1 - f cot 
\ F 2 / 


( 17 ) 
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where A, r/i, 7- Z =^U a.iidV = -x ■■■ (17) 

71 7T 77 77 

Now taking the positive sign in equation (14) for the second solution of tan 0, 
we similarly obtain 


sin {77V)-\ 



(18) 


Nqiiations (17) and (IH) are rather involved in V, therefore, it is difficult to cal- 
culato the energy values directly for different values of x, i.e. different types (^f 



Kip ;i SoJutiuns of tho oquationa (17) and (18) 

forZ =-4, Y --1 

forZ =-h Y -~i 
— o — o — for Z — — 4, Y a= 0 
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adsorbed gaa. Hence, a assuming reasonable values of V, and have been 
(calculated with the help ol equations (17) and (IS) It is thus possible to have 
same energy for different nature of adsorbed gas. 

K E S U L T S A N J) I S C U S M I O N 

The plots in Figs. 2 and II represent the results of our icahuilationB. It 
should be mentioned that onl}" the solutions that ha^n^ a pliysical meaning are 
plotted Fig 2 represents the solutions for a definite value of atomic potential 
Z, and positive values of interlace potential Y ; Fig. 3 shows tlu' solutions for a 
definite value of atomic potential Z with zero and negative values of interface 
potential Y. For positive values of Y one finds the localized energy levels at the 
interface when there is only adsorbed gas at the clean interface ol two crystal- 
lites of identical nature and for negative values of Y there are adsorbed gas and 
also an impurity at the interface The plots are interrupted at certain values 
ol‘ V bciiausc we have restricted the calculations to the first forbidden gap. 

The family of curves in Figs. 2 and 3 can in gtmeral be explained if we 
consider that when the potential strength of the adsorbed impurity is smaller than 
that of the hulk, an electron can escape more easily beijause it is more loosely 
bound and there is possibility of larger interaction with the neighbouring atomic 
potentials. On the contrary when the potential strength of adsorbed impurity 
is deeper than that of the bulk, the electron is more tightly bound to the imjmrity 
and the possibility of interaction with the neighbouring atomic potential decreases. 
Tt is, however, not possible to explain every detail of the curves only on the above 
considerations. Tt is striking to note that the energy levels move towards the 
conduction, creating degenerate levels near the conduction band as the impurity 
potentials become deeper. This means the creation of n-type levels by highly 
p-type impurities when they arc consecutively placed in the atomic lattice or are 
in close proximity. It was experimentally observed by (Ihosh (1960) that there 
IB a possible existence of y^-type regions in the films deposited from highly 2>-type 
tellurium The existence of w-type tcDurium as such is not found, but it appears 
from the above discussion that an ?i-type region is possible in a film deposited 
from highly p-type materials at places where there is an accumulation of impurity 
atoms or a highly ^i-type gas adsorbed at the interface of two crystallites. 
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A FEW NON-POLAR GASES ON THE MORSE 
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(JieGnperl June 21 , 1903 ) 

Keotiutly Koiiowalow, Taylor and HiraclifeldcT (1960, 1961) Jiave iidded the 
Morse potential to the list of potentials lor wliiisli detailed computations of various 
f^as properties are possible Tliis potential is 
0(?') — 2;r), 

where 

X -- exp l-(c/(r)(r-r„)]. 

Here, 0(r) is tlie potential ('iiorgy between two molecules at a separation distance 
r, 6 IS the depth ol the potential inininnau at r — o* is that value of'r for which 
^(r) = 0, and c is a third paraiiieter which governs the curvature at the minimum 
and the steepness of the repidsivc limb. Koiiowalow and T1 irschfcldcr (1961) 
have determined the three parameters for a few non-polar gases from crystal 
and second vinal data, They also compared the experimental second virial 
values witli the calculated values according to this potential and the exp-6 and 
Lennard-Joiies (12-6) potentials. This work revealed that most probably the 
Morse and exp-6 potentials are (umijiarable in accuracy and both arc somewhat 
superior to the 1 2-6 potential. Saxoiia and Ganihhir (1963) have also investigated 
fhc second virial data of a few pure gases over a wdder tomjierature range, and also 
of a few gas mixtures. They found the Morse potential to he somewhat superior 
to the otht^^ two potentials. Saxena and Baliethi (1963) have calculated the trans- 
port properties in conjunction with the potential parameters given by Koiiowalow 
and Hirschfelder (1961) and compared the values with the experimental data. 
They found that the transport properties are not adequately reproduced and 
have expressed the necessity of redetormmation of the parameters for an atjcurate 
relative assessment. 

To investigate the adequacy of this potential further we consider the experi- 
mental data of zero pressure Joule-Thomson coefficient, juP. The theoretical com- 
puted values of the teduced /;” are given by Konowalow, Taylor and Hirschfelder 
(1960). The experimental values of (C^p being the zero pressure specific 

heat of the gas at constant pressure) for He, Ar, CH4, and N2 have been reported 
by Lunbeck (1 950). In addition to these values we also consider the experimental 

540 
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data of Budenholzer, Sage and Laeey (11K19) lor 0114 ; and of Oharnley, Islow and 
Tow^iUjy (1953), UoeLnck and Osterhorg (193ri) tiiisak (1937), and OollhiH and 
l^^syoa (1939), (as reported by Cliarnley r^/ dl 1953) fi)i' N„ These experimoni-al 
values are shown plotted ni Fig i Tlie eoniputed values both according to 
the Morse as Avell as the L- J (12—9) potimtials are also shown. The exp-9 
potential could not lie considered lor the theoietical values ol tlie reduced are 
not available. We also do not consider here the h- J (lS-9) potential introduced 
by Saxena and Joshi (1962) because though the redin-ed is known, potential 
parameters for most of those gases iiave not been deternnned as yet. The poten- 
tial parameters used in calculations are those tahnlatiMl by Ivonoivalov and Hirsch- 
felder (1991) except for Il(‘. It may be noted that lor botJi the jioientials the 
paranieters have heen determined from the eiiuiJihrium pro]>eities only For lie 
we use the parameters of Bidiethi and Saxima (1993) dehu'iiuned Irom the second 
vinal data, iiiese are. t. -4, tflc ^ 14.43 '^'K. and a- 2 979 A. 



Fig. I - Plots of ti°C°p iis a hiriftion of tojnporatiiro For Ar ordiiiato.q have been 
diBplaoed by -\- 120 uiuts, and for Ho abscissno and ordinutos hnvo fjoon displaced by 4-180 
and +420 units, lospeciively, Experimontul data - He, Ar, ('ITi, Nj, # Lniibeck; CH.j, O 
Biidonholzer et al.\ Nm, O Charnley et al ^ A Gusak, V Hoobuck and Ormborg, Q Collins and 
Keyes. 

From the figure we find that for Ar the Morse potential is better than the 12-9 
potential over the entire temperature range. For at high temperatures both 
the potentials are about equally good but the differenecs are ajipreoiable at low 
temperatures. The deviations, however, are less for the 12-0 potential. For 
both the potentials yield approximately similar results, with a slight preference 
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it)! the 12 (i potential Some alternative (jhoices for the 12-11 potential para- 
meters are also available for this gas Schamp pi al. (1958) have reported the 
potential parameters for CH^ielk J48.07‘'K. a 3.810A) from the analysis 
ol their virial data. These parameters lead to values which are nearly 4% greatei 
than those plotted in the figure. Similar results are obtained it we consider tlu' 
potential parameters given by Hamann and Lambert (1954) lor CII 4 . 

In the case of He the 12 — 6 potential is definitely superior to the Morse poten- 
tial in tlie low temperature range even if the quantum eorrecdions are (iOnsidered. 
Bahethi and Saxena (1963) have also noted that for He the above xiaramett^h’s 
completely fail to reproduce the transport properties They have determined Llie 
Morse potential parameters from viscosity data also The values aic' ‘ c — d 
ejk = S.55'^'fv, and a — 2,687 A These parameters reproduce the transport\ 
properties but fail m the case of second vinal coefficient . If we use ilit'si' para-\ 
meters to compute we get almost the same values at high teiupeiatiiri'S but 

consistently smaller values at low temperatures This disagrccmont will iurther 
increase if (quantum iiorrections are applied. 

The above comparison leads to the conclusion that the L — J ( 12 - 6 ) potential 
is slightly better than the Morse potential This conclusion is specially interesting 
in vieAv of the simplnuty of the 12-6 potential. The fact that in thi^ case of He 
one set of Morse parameters cannot correlate both the equililuiiiin and non- 
equilibrium properties implies that the Morse potential is not as good as the other 
two potentials, viz. 12—6 and ex— 6 , for this gas 

A C K N O W L E D G M E N 'r 
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ON THE BINDING ENERGIES OF THE MOST STRONGLY 
BOUND NUCLEI OF DIFFERENT MASS NUMBERS 

A. R DUTTA, B PAL, P. GANGULY and D. BANERJEE 

U»TVF.KSIT'\ CoMacdK OV SclENCJfi, 92, Ac'haryya Prafitli-a (Imanura Hoah, 
L!a1jOUtta-9 

{Received, October 4, 1963) 

111 a previous cuniiiiiimcatioii (Diitta, 1963), a relation m the fonii JiJ--- 
— 9 S93A I 9 181 \ 10“^.A^ 1 37.0 Mcv., had been put forward, to express the 
mean (iourse of the iiiuilear hindmg energy in relation to mass number. To inaki! 
tho Ihuit.uatums symmetrieal, the foregoing relationship has been modified lor 
even and odd mass numbers, to the form, 

E =-9.828A+8.877xl0-3 ■ A^+32>Q±{)A mcv ... (1) 

aeeording as A is odd or oven. 

The neutron numbers of the most strongly bound even and odd mass nuclei 
of different mass numbers have been found to be related to the mass numbers 
by a nearly linear relationship A smooth curve through them is expressible as, 

No =--7.0-l-0.637^+8.432exp-.0267A, ... (2) 

indicating a definite relation for the neutron proton ratio. It gives us tho optimum 
neutron number, No, necessary for the most strongly bound condition, for any 
particular even or odd mass number, and is not necessarily, an integral number 
[t will enable one to obtain the optimum charge Z„ = (A — No) and the excess 
neutron ~ {2Nq--A), for any mass number. 

Tho binding energies of the most strongly bound nuclei associated with 
No values for different mass numbers, deviate from the above relation (1), by a 
composition of two periodic curves. The independent variables may be consi- 
dered to be the optimum Zq and the /„ values. The combination of the periodic 
curves, approximately, measures the deviation of tho experimental binding 
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energies of the moKt strongly l)oun(l nu(!lei (Konig and others, 1962) of different 
mass mimbers, also. One may express Zq and iy in terms of A, by relatitm (2) 
and, thus, the two i)oriodic curves also, m terms of A. 

The two periodic curves are determined by the combination, 

ft- sm 7T f{Z) -f ttj sin nfil ) ■ • ■ (3) 

or, ftj sin 7Tf{Z)-\-aj sin 7T{f{Z)—<p}. 

where I 

ft, = 11 .34 (4.15 -.00875^) sin 7r(.6ri64 .01875^) Mev. 
ftf ^ 10-2.7 sin 7r( .630-1- .009258/1) Mov. 
f{Z) = 3 14smh .01(^-160) 

ni) = u(Z)-'i>] \ 

<j> - 00 I 221 ‘*X ]1 -1 TxHMlyl-Hai^+cxp -l.flSx J0-2(>l- 217)^] 

The two ]ihase relations in terms of A, give us the courses of the periodic 
curves, against mass ii umber S(;al(5, obtained in nuclear groAvtb The amplitudes 
and the phases of tlu' t\^() j)erio(li(; <nirves are mutually adjustable to a small extent, 
giving a S(;()])e for a elosiu agremnent with experimental results. The phase dif- 
ference is of th(^ oT(l<M ol TT 'I’he values of A at the minima and the maxima ol 
the periodic curves, as also the approximate and Zy values, are tabulated in 
Table f, where they have been arranged in rows. 


TABLE T 




inin 

max 

mm 

max 

mill 

max 

mm 

max 

mm 

max 

/I (lo) 

14 

2S 

11 

64 

Ho 

1 1.7 

148 

176 

208 

288 

256 

(/o) 

5 

8 4 

4 4 

8.4 

18 

18 

26 

34 

48 

50 

.56 


min 

max 

min 

UlllX 

min 

max 

mm 

max 

mm 

max 

mm 

A{Z^) 

Kl 

27 

44 

64 

87 

114 

144 

176 

206 

233 

256 


(i 

18 

20 

28 

88 

48 

nil 

71 

82 

92 

100 


The binding energii's of the most strongly bound nuclei would be given by 
the combination of relations (1) and (3) drauui m Eig. 1, except for a small devia- 
tion on aijcoiint of the .shift ol the integral neutron numbers from the optimum 
neutron number of Ay They are shown in Table II, for 51 nuclei from carbon 
to Mendlevium, running througli the complete set. The average error is 
0.70 mev. A nioditication of the relations would be necessary to make them 
correspond to the energy values associated with the optimum neutron numbers, 
more closely. This would he taken up later. 




A 

—P(exp) 

E((\i) 

.4 

-^ierp) 

-E{Cai) 

4 


- M(ral) 


lllOV 

mov. 


mi‘v. 

mev. 


rnrv. 

mev. 

12 

02 2 

80 1 

00 

781.2 

is 

1 

176 

1412 3 

1412 3 

Ifi 

1 1 r. r. 

1(02 

06 

821 7 

822 0 

180 

1440 0 

1416 8 

16 

127 (1 

120 1 

100 

803 0 

803 . 3 

186 

1478 0 

1478 2 

20 

J60 0 

101 7 

1 06 

000 6 

901 1 

100 

1612 0 

1613 3 

2r) 

2or) 0 

200 8 

1 10 

040 8 

040 0 

1 96 

1646 0 

1617 4 

30 

266 0 

264 3 

115 

970 2 

079 0 

200 

1681 1 

1682 0 

wn 

29S S 

209 0 

120 

1020 b 

1010 6 

206 

1016 0 

1014 0 

40 

343 8 

344 2 

126 

1067.3 

1068 0 

210 

1 046 . 0 

1046 3 

4r. 

3SS 4 

388 7 

1 30 

1000 0 

1008 1 

216 

1070 1 

11570 2 

fiU 

137 S 

430 4 

136 

1 1 34 3 

1 136.0 

220 

1007 8 

1090 8 

rj.-) 

182 1 

4 82 0 

140 

1 172 8 

1171 .4 

226 

1 726 . 3 

1726 0 

oo 

620 8 

627 S 

146 

1206 2 

1204 0 

230 

1766 2 

1756 7 

or. 

600 2 

600 8 

160 

1239 5 

1239 6 

236 

1 783 . K 

1783 7 

70 

on 1 

01 1 8 

1 66 

1273 0 

1273 2 

240 

1813 3 

1813 1 

7.-; 

662 . 0 

062 0 

100 

1300 8 

1300 1 

216 

1841 6 

1840 0 

so 

006 8 

000 3 

1 06 

1344 3 

1344 2 

260 

1800 8 

1860 2 

sr. 

730 6 

739 0 

170 

1379.0 

1370 7 

266 

1894 8 

1895 .3 


The deviations of tlie binding energies of weakly bound nnclei from those of 
Lhe most strongly bound nuclei leould be discussed in the next (joinnuinic-atirui 

K E F E R E N C E ,S 

Dutta, A K, ]96:b Ind. J Phys., 37. 183. 

Konig, L. A., Muiiaufh, J. H., WapBfcra, A. K. 1062, Nuclear Physics, 31, IS 
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CRYSTAL STRUCTURE OF SCANDENIN 
K. V. KRISHNA KAO and P. VENI^TESWAHA RAO 

Physics Dkpaktment, Osmania Untyeksity, Hydeiiadad-7 
{Reatwtd for publication, March 25, 1963) 

I 

Scandenm (CgaHanOfl), the major crystalline compound obtained from tlie roois 
of Dorris Scandens, has been studied by many investigators^ ''* in Anew of itk 
pronounced toxic properties. More recently, Rao and Khan'* made a detailed 
chemical and spectroscopic study of the compound and concluded that it is a\ 
2,3- disubstituted bcnzo-y-iiyranone derivative (Fig. 1). As regards the residue \ 



Fig. 1. Molecule of Scandonin 


K in position 3, they proposed two alternative structures, namely, a tropolone 
ring or a diincdone ring. In order to find out Avhich of these two structures is 
jiresent, the authors have undertaken the structure analysis of scandenm. The 
present communitiation describes the results regarding its space group and unit 
cell chmcnsions. 

The unit cell dimensions have been determined from rotation and zero layer 
Weissenberg photographs about the three crystallographic axes using OuK^^ 
radiation Accurate values for the cell dunensions have been obtained by the least 
squares method using the data on the high angle reflections on Weissenberg photo- 
graphs. The crystal is found to belong to the monoclinic system with the following 
coll dimensions. 

a = 18.2121, b 17.4461, c -= 14.600l and = 96". 

Examination of the zero layer and the higher layer equi-inclination Weissen- 
berg photograpiis showed only two types of systematic absences, Jiol when I is 
odd and oko when k is odd which are consistent with the space group P 2 i/®- 
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The density ui the crystal is detmuined by the hoatation inctliod using a 
niixture of nitrobenzene and o-diehlorobenzene The observed density 1.262 
is found to be in good agreement \ntb the value 1 246 eabudated for S molecules 
per unit cell. The slightly higher value of the observed density may be due to 
the solvent oJ' crystallisation We are nou trying to introduce a heavy atom 
into the molceiile aiul solve the structure by the' heavy atom technique. 

Tn conclu.sion, we wish to thanli Piofcssor N. V. Subbti Rao for providing 
us with the scandenin crystals used in this invesiigation. One of us (P.V.R.) 
IS grateful to the authoriti(\s of the Osmania University for llie aAvard ol a research 
scholarship. 
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A SHORT NOTE ON THE ORTHO-RHOMBIG POTENTIAL IN 
TERMS OF LIGAND MOMENTS AND THEIR DISTANCES IN 
AN OCTAHEDRAL COMPLEX 

I 

U S. OHOSH ' 

l)KrAltTMBNT OK MAGNETISM, INDIAN AsHOCIATION KOU THE CULTIVATION OF St'lENCE. 

Tadavpuh, (Jalcutta-32 

[Received July 22, 19C3) \ 

Tliooretical iDVOsiigatioii on tlio magnetic and optical heliaviour of some 
iron group salts considers the ciystalline electric field as having an ortho-rliombh 
symmetry. The expression for potential near the central ion of an octahedral 
(i()mpl(‘X is usually obtained by expanding the ])otenl.ial in teims of spherical harmo- 
nics since it satisfies Laplace’s ecpiation V - 0. Considering that the s;\mimetry 
of the field is ortlio-rhoinbie and that the electrons of interest lielong to the 8tl 
shell in iron group salts, tin* expression lor potential is given In^ (Bose e/ 
1963). 

- 6/??/V . . (1) 

The form of the potential function must remain unchanged even if ive take a purely 
ionic model of iho octahedral complex, but the above expressiou does not 
expheitly contain the distances of the co-ordmating ligands from the i;entral 
ion and their dipole moments, the only thing that ean be said is tliat the eo-ofli- 
eients 1), A, B, a and are related ivith tliem. Polder (1942) derived an expres- 
sion for potential m tenns ol these quantities eonsidering only a tetragonal dis- 
tortion of the complex. An expression for ortho-rhombic potential and hence the 
co-efficients D, A 7?, a and /7 m terms of dipole moments and distances of the 
ligands might be helpful in some investigations and with a view to this such an 
expression has been derived 

The type of octahedral complex that will be considered here has the para- 
magnetic ion at the centre which is the origin of our co-ordmatc system and dipoles 
of moment at (±u, 0, 0), {(), ±h, 0), and (0, 0, respectively. The 
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iiegatJVL' ('iicIh L)f lJiC‘ clipolos nre pniiitiiig imvardw imd f heir axes are <-o]iK'idiijg 
witli the CD-ordinate axes 

PoteiitiaJ at a point (a;, y, z) near the origin <liie to the pair of dipoli's 
at ( 1), (I) '"■) _ - ftj"-!--'-) 


__ f e 1 _ 75 

^ ^la'^ (i^ 4 rf* a* 4 2 J 

(retaining terms iipto tlie lourtli ])ower as <‘.an be seen from ecpiation (1), higlier 
power terms need not be considered in iron group) 

(N)jisidering all llie three ]mirs of di])olea. the total potential at (.r. y, z) is 



j ’f’ .a/*Vi , */>2 , *>3 \ 
a \ ' «» ’ /)“ ^ C« ) 

The lirst term leprcsenting potential at t.io iigion is (constant and is generally 
leit out ol consideration. Remembering that — x^-\-y^ ] 3“ and ivarianging 
tlie leinaining terms the expression can be juit into thi' form given in iHpiation (1) 
as follows 


- 4 [-^ + f ■ f [f; - 

+ f -4 [ + e - ^ - T ['I? - 
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Tl)e form oi' ihia expression iuS identical with that given m equation (1); the co- 
efficients D, A, B, a and /jf are thus expressed in terms of /z^, and, a, h, c as 
follows . 

D Vi I 4#2 __ H 

4 la*' ^ />« 



Tf we put a — h — c and /Zj = //.j = /^ 3 ' A — B — a — /3 — 0 and the expres- 

sion (2) redu(;es to the wellknown result for cubic potential as expected in case of 
a regular octahedron i.e. 

Til case of tetragonal distortion along axis of the octahedron a — h r/z c and 
/^i ~ fh "/ Ih' ^ - B,a — p and the expression (2) reduces to 

y = a %] f [ 

q ^P. f - & 1 (a:4q,y4_p2^4-6a;2^2- GyV) ... (3) 

4 La® c®J ' 

Expression (3) can be shown to be equal to 

3 p'j - (r‘+j,»-2z») _ ^ ] («*+!/•+**- jf r*) 
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This expression exactly agrees with Polder's result lor potential under tetra- 
gonal distortion of the ootahedron. Numerical calculations of the coefficients in 
the ortliorhomhic case are presently in progress. 

The author is grateful to Prof. A. "Bose, D.Rc., F.N L, for liis guidanci’ and 
Jielpful criticism of the work 
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AN ELECTRODYNAMIC METHOD OF MEASURING ABSOLUTE 
MAGNETIC SUSCEPTIBILITIES OF SINGLE CRYSTALS 

S. MITRA, P. K. GHOSH and S. K. DUTTA ROY 

1 )F,rATri'Mii:NT of Magnetism, Indian Association foh the f'uj.TivATioN of Science, 
JaDAVPTJR, CAIiCUTTA-32 I 

{Received , July 20, 1963) I 

In ;i short conmuini cation, Ghosh (1961) has (Inscribed an (‘ItHiirodyiiamK* 
method for compensation of magnetic force in a Gurie-type magnetic balance. 
Tn GhosJi’s metliod, the magnetic sample in powder form packed in a spli('ii(\al 
glass amjioule is placed inside a (airrent carrying cod and are logetlu'r rigidly 
attached at oik' end oI a horizontal Ciiric-halancc arm (Dutta Iloy, I9hf)) The 
method was immediately afterwards modified by tlu^ presmit aiitlic-irs to suit 
single crystals as described herein. iScvcral earlier authors (Fo(‘x and Forrer, 
1996, Hutchinson and Reekie, 1946 etc ) have used (deiitrodynanue balancing 
with a Curie or othei tyjies ol balances. Innovation of the jiresenk imdhod lit^s 
in suspending a Singhs crystal Irom one arm of a On He- balance with a fin(‘ iinspiin 
silk fibr(‘ so that its maximum susceptibility diiection m tlu' horizontal jilam^ 
sets along tlie lioiizoiital magnetic field and the (jrystal moves bodily along th(‘ 
horizontal gradumt at right angles to the field available Avith a moddied Sucksmith 
tyjie pole-gap ol an el(H‘tromagriet A current blearing (huI, rigidly sus])ended 
from this arm of the balaiuic, with its axis parallel to the field direction, isplatied 
close to the sample, to compensate the magnetic forci* on the sample, acting 
ultimately on tlu^ balance arm. 

For the sake of robustness of the system, the usual single fragile cpiartz sus- 
pension lihi’e of the halance beam, has been replaced by a pair of thick phosphor 
liroiize strips above and below the beam ivliich also serve as current leads for the 
compensating cod. This has made the deflection ol the halance beam and lienee 
the dis])kiccment of sample in the field advantageously small. For accurate 
eompensation of the force on the sample, the small deflection is highly magnified 
by a balanced photoelectric cell device. A light spot, reflected from a small 
mirror attached to the centre of the balance beam, falls equally on a pair ol plioto 
clc(;tric liells in senes, the out-put of which is fed to a simsitivc gaivanoinctcr, 
the circuit being adjusted for null dellcctiim. A vsmall deflection of the beam, 
and hence of the light spot, upsets the balance of the circuit, and a large deflection 
of the galvammieter is observed The current in the compensating coil, in th(‘ 
magnetic field, is adjusted until the spot comes back exactly to its original position. 
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The coil ijurrent can be very Jicoiiratcly delermintnl by inoasiiring ilin petenhial 
drop across a standard resistance With this type of siispenbioii and an oil dainp- 
nif? device, effects oi all external distiu’bances on the sy^steiu are praciionll) 
eliminated. The balance assembly is covered Aintli a glass bell-jar and the sysleni 
can be evacnated or lilled with any gas. 

The ov(5rall error in the im-asaremcnt at room temperatnre is estimated lo 
lie iio(^ more than b.1%, inclnding any rhlference in the value due to dilfereiU 
samples. 

Tile balance has been standardised, 'riu* stpiare of the effective momeni 
(corrected for diamagnetism) for ferric ammonium sulphate alum obtained In 
us IS 114 79 as against 114. SO obtained by Dutta Hoy (19,75) and ‘14 79 liy Onnes 
and Oosicrhuis (1920), all al 290'^K. Talcing this value as standard, that ol 
cliroinmm potassium sulphate alum is measured fo be 14,89 as against 11 91 b\ 
Dutta Hoy (1950) aiul 1-1 92 l»y de Haas and Sorter (1929) all at :*.00"K, and ifiai 
of NiSD^ ()11 m.O along its tetragonal axis is lound io be 9.701 as agamsi 9 087 
by Dutta Jlojr (1955) and 9.0,50 by Mookerji (1940), all at 507''K. 

The details of the balance will be published shortly 

The authors are gratelul to IVof A Bos(‘, \).Hv , KN L, for his guidance m 
the uork One of us (.S M.) is grateful to the Oouncil ol SrdentiOc and Industrial 
Heseaich for the award of a Iveseivrch Hcllovship, 
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A 1 .2 cm E. P. R. SPECTROMETER AND PARAMAGNETIC 
RESONANCE IN SOME COPPER SALTS 

V. W, (JHOSH, K N. I 5 AG 0 H 1 and A. K PAL 

Depahtmiunt oe Magnetism, Indian Assdeia'L’jdn fon the (^iltivation ot' Sihknojc, 

Caja'[itta-II 2 

{Heeeived, iScptcinbeir 23, l‘,IG3) 

ABSTRACT. A irimmusHioii lypo o.]i r .spocil/iomnipr ojioi'JitiiiK nl- 1 2M pm wave* 
Jongth, sell up iii our Julioralory fioin puivliasoil a.ncl couHlructciiJ ftmipniifiiil/S ih doHcTibod 
m dotadH IloHonanrai aliHorptiou aigimls at room iompoiaturo loi“ hojoo concoiilratod para- 
magriots have liooii obl tunod witli a .small uoisn-to-.sigiiHl ratio ()i tlioi liombic r/ vabioa and 
(jiiontation.s of tlio inusor ollipsoid o( .muglo ( ryatal ol (!ul\..(S() 4 )j. (ilfp/) Imvo boon dolor- 
miiiocl at room temporaturo and boino loatiiio.s ol o.p i aportia ol two c’ojipoi salts bavo boon 
diHcuSiSod. 


INTRODUCTION 

If a steady magnetic lield U is apjilied on a })iiranuignel.i(( substance, i-lu' 
eneigy levels of the paraniagnot ((^leclron, aioiii, ion, inol(‘cule oi’ I'lidnsil) wJucIi 
were iintially degenerate split into the .so-called Zeeman levels, tlie energy sepa- 
ration hetwoeii suciiessive ZeiMuan l(‘vels bmng given hy wIkmv fi is 

the Bohr magneton, and (j is th(‘ specdroscopio splitting factor. With inagnidic 
lieldpS of a lew thousand gauss the enm'gy values of tin*/ Zisunan s])httings fall in 
the niKirowave range of (ilectromagiietic j’adiation TJiiis, niicrovyaves falling 
upon paraniagnets imdei' such static magnetic lields i\ill under certain conditioiLS 
provide the requisite energy for tiaiisitions between the successive Zeeman levels 
so that on an average the population oi tlici upper lev els incrisises and a lud- charac- 
teristic absorption of microwaves occurs For the trail, sitions t,o occur it is evident 
that the energy of the incident niiciowave radiation //,v should be equal to the sepa- 
ration {iPll of suGCCSshm Zeiunan levels i e. //<v — maximiiiii transi- 

tion probability is obtained w'hen the microwave field is pi'rjamdicnlar to the 
static magnetic field. 

It very often happen, s that the internal fields m a paramagnetic crystal 
splits up the energy states to more or le,s.s extent and the introduction of the ex- 
ternal static magnetic lield only serves to enhance these splittings to an extent 
just needed to be spanned by a giviui microwave energy In this ca.se the rela- 
tionship between the so-called zero field sjilitting superposed Zeeman splitting 
and the microwave energy is more compheated. 
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DJi:,S(JUlPTION OF THE COMPLETE l.a CM M I C K O - 
WAVE SPECTROMETER 

(j) 'j'lic complcto experimental set-up is shown in a block (hagram in Fig. 1. 
A lew ol tlie wav(‘- guide (lompoiientH, klystron power pack, klystron and other 



Fig. 1 

aoeesMoru'S wi'iv purchased as m piec.css and others siuth as ha]) attenuator, probe 
tuner, ^vavc^giiide bends, low toniporature distrenc filled geniian silver guides, 
cavity reasonator, (jrystal holder, modulation coils, phase sensitivi' detector, 
jiroton u‘,sonaiio(“ fiuxmeter, low temperature tuning assembly, narrow band ampli- 
fier, waveguide couplers, Avaveguidc bench etc. were made in the laboratory. 

The 1.2 cm spectrometer employs a 2K33 reflex klystron tube as the som’co 
of microAvave power Apiiropriate stabilized voltages have been supplied to the 
1 esonator, refleidor and grid ol the klystron from an electronically stabilized power 
pack (P.U.F). ty])(^ 801 A, universal klystron power supply), the filament being 
heated by 0 volt a.c. obtained from the same poAver pack. mode is excited 

and [iropagated after proper tuning by the Idystron tuner and tuning screws along 
the 'JC band Avave guide (1.064. cmx0 432cm) AVith suitable attenuation by a 
11a]) attenuator. Tho incident microwave power then passes through an H-bend 
section (bent m the ])lane of magnetic lines of force) of the waveguide and is fed 
into the cavity reasonator through a distrenc filled thin walled German silver 
wave guidi* of appropriate smaller dimension, namely, 6.0 mm X 2.5 mm. A cylin- 
drical 1)1 ass cavity resonator operated m mode has been used in order to 

concentrate the microAA'^avc field energy in the sample jilaced inside the cavity. 
The distrenc filled (j.a guides have been used to minimise the dunension of the 
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guide and hence the leakage of lieai iiiHide the cryosLai in which the cavity is 
Xdaced for low iomxicraiure work. Tlic narrow g.s guide is nnitelied with the 
//-bend of normal size through a tailored g s. section of length 5.f) cm, and taper- 
angle of 7° along tlie borad face. The part of the distrene within this section is 
oppositely tapereil ending as a point Avhere the g.s guide taper just start. s. The 
internal diameter of tln‘- cavity is J.,'1 cm and the cavity length can be varied from 
4 cm to 12 cm by mcan.s of a tuning choke plunger at its bottom running in a. fine 
screw thread and being operated from above through a gear .sy.sf.ein by a tlim 
stainless steel shaft Tlllipf.ioal iris hole (2.5nim'<l.n mm approximatidy) at the 
top surface of thii cavity is used to couxile the g s. guide tf» and fin'd nneroAva\''e 
signal into it. The output signal from the e.avity is taken through another similar 
distrene filled German silver guide coupled to the cavity anti an TT-hiMid section 
as before A long thin staiiile.ss steel tuho of 5 mm internal hore is coaxially 
fixed into a hole at the top surface of the caviW. A niieroAvave choke attached to 
another stainles,s steel tube of smaller diamef,er can he easily lowererl until the imd 
face of the choke hec.oiiics flush with the iiisidi' top of the c.avif-y, a gradnati'd 
circular disc with a vernier scale is fixed at the top of this fnihi*. so that if- can hi‘ 
rotated through any desired angle ahout the cone fitting hetweeii the two tubes 
just hcloAV tliG disc The face of a single crystal sample in Avhich tlii' ineasuremenf. 
is to he taken, is placed flat upon the end face of the choke and fixed to it with a 
thin layer of vaoiuim grease. The static magnetic field remains ahvays parallel 
to the end face of the choke which lies in the region of maximum concentration 
of microwave field at mode. If the specimen is magnetically isotropic it 

can also he placed at the centre of the tuning xfiunger. Ihming screw matching 
is provided in the wave guide run before inid after the input and the oui-pnt //-bend 
soctions respectively. The eomjdete assembly of H -bends, (Torjuan silver guides 
and the cavity i-esoiiator is shoAvn in Figure 2. 

The ti-ansmitted microAvave power from the cavif-y resonator is def.ected by 
a silicon-tungsten crystal, typo IN 2G, mounted inside the crystal liolder si'ction 
of the guide coupled to the output H-bend. The rectified outjuit from the crystal 
detector is taken off through a co-axial line. Foi optimum perlormanee of the 
crystal the rectified crystal current is usually kept near .5 luA by adjusting the 
attenuator. 

(ii) Magnet : 

The cavity is placed in the central region of the variable gap betAveen the pole 
faces of a strong electromagnet supplied by Nov^iort Instrument Ltd. (England). 
The electromagnet is capable of jiroducing a highly homogoncous and constant 
field of maximum value 9000 oersted Avith 10 cm diameter pole faee and 2 3 cm 
gap, at a continuous rating of 4 amperes delivered from a 220 volt battery of lead 
accumulators through a series of rough and fine control rheostats. With a paii' 
of auxiliary coils Avound over brass spools Avith 750 turns of D.C.O AAorc (S.W.G. 
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N<j 20) ill oach and inonntcid loiind the poles tlie steady magnetic field can be 
sinusoidally modulated at 33c/s. 33c/h is obtained from an 110 volt 2 kw alter- 




nator driven by a I).C. motor, the D G voltage being supplied from a stable 220V, 
15 kw D.C generator with a constant voltage transformer at its input The 
modulation amplitude of the field can be varied by changing the current given 
to modulation coils with a variac. The maximum modulation field is found to 
be nearly 250 gauss. 
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(iii) Detection and mensnnntj sifstem 

{a) Vide o-detectiou victhttd lii vidoo-doteciioii systi'iu tlic' wlmk* ('i 

an JibsDrption signal is covtTod by l.be 33 t*/s iiKHliilntioii sweep a])])lic‘d to the 
steady magnetic lield w'^liich is hi ought to the lesoiiance value Tlie i c'etihed 
current Irciin the (uystiil ih'teet-or will then consist ol a lunctioii rojiresoiitiiig 
the shape of the absorption signal reeuiriiig at twice thi‘ niodiihiting fioijiiency 
since absorption ol microwaves aviII occur w^lien tlie n^sonanee vnliu' of 
magnetic field is attained bof.h during the tbiwcard and liackwnrd sweep of fbe 
modulation. The absorption signal from the crystal didi'ctor is fed to a wide 
band amplifier (by M/s Solartron Ltd , blngland) having thi' jiroper input nn])e- 
dance (GOO ohms) reipnred to match tbe imiiedance ol the detector tiyslnl, ol 
sufficient bandwidth (15 c/s-300 kc/s) to pass almost till the Fourier components 
of the absorption signal and thus to pass the signal without any distortion of its 
shape. The output from the amplifier is apjilied to t he T^-plates of Oossor no. 
1040 blue tiacv doubk* beam osHlloscojic. the time base licing f(‘d af' Ihe modulating 
frequency via a phase shifl.m', the circuit diagram ol which is show^n in fig. 3. 



Phase Hhifit'r 

Fig. 3 Out put to External time base of Oncjlloscopo (cossor) 

Two traces of the signal appear on the (I R 0. screen corri'Sponding f.o t he for- 
ward and liackw^ard sweeii, which are brought to coincidenci* by adjusting tlu^ phases 
shifting circuit. The steady magnetic field is then adjusted to hi nig the tavo 
coincident peaks just at ihe centic of the lioriy.ontal trace (»f the oKeillo.s!c,()])e 
This corrc.sponds to the exact resonanct* value of the sleady magnetic field Al- 
though this video-detection method is suifahk' m the case of nanow^ lines, it 
presents many difficulties for a line wndih of 50 gauss or more, which is very 
common with the concentrated salts of the iron grouj) wi' Avant to study Apart 
from the troubles arising out of the uinumidabli' 50 c/s jiick up anil crystal and 

circuit noises, wide lines wall introduce additional troubles in ri'quiring large enough 

depth of modulation and very large bandwidth of the amphlier stage for undis- 
torted display of the signal shape 

(b) Phase-sensiiive detection method . For AVide liru'S phase sensitive detci;- 
tioii (p.s.cl.) method has been adopted and the difficulties mentioned above are 
thus got rid of to a large* extent In this incdhod the steady magmatic field is 
modulated by a small magnetic field varying sinusoidally at 33c/s and having an 
amplitude eipial to a very small fraction of the total line width. Tlie steady field 
is then gradually and slowly increased so that each part of the whole absorption 
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Une is Bucccflsivcly swept. When the steady field reaches a value m the neighhour- 
hood of resonance, a 33 c/s component of the detector current will appear. The 
amplitude ol this component wdl be proportional to the slope of the absorption 
curve at any particmlar value of the steady field. By mixing this 33 c/s signal at 
proper phase with a reference signal of same frequency and adjustable phase, 
winch can be viewed as a gating signal and is obtained from the same modulating 
source, a d-c output will be obtained proportional to the slope ol the absorption 
curve at each point. When the static field slowly sweeps the whole of the ab- 
sorption line, this d-c output will be a derivative response of the absorption 
signal, iho d-r- output thus obtained in the phase lock-in mixer iiircuit (Fig. 



Fig. 4. Phase Bonsitivo Doiector 


designed after Schuster (1961) is finally fed to a centre-zero microammeter (600/^^) 
or to a pen recorder via a long time constant li-C net work wlneh eliminates any 
noise or fluctuation coining with the signal, the time constant depending on 
the rate of variation of static magnetic field. The phase loek-in mixer is preceded 
hy a narrow hand amplifier tuned to 33 c/s so that the 33 c/s sinusoidal output 
from the crystal detector first passes through it (circuit diagram shown in Fig. 5). 
This tuned pre-amplifier eliminates most of the a f. and r.f. crystal noises and 50 
c/s pick-up. The position of an absorption peak is indicated in the derivative 
response when the centre zero microammeter needle crosses the null position after 
reaching one extremity as we slowly increase the magnetic field. The static, mag- 
netic field is kept in this position if we want to measure the exact resonance 
value of the magnetic field. 

MEASUREMENT OF THE MAGNETIC FIELD 

The magnetic, field is measured with the help of a proton resonance (p.r.) 
fluxmeter (Fig. 6) designed mostly after Knoehlo and Hahn (1948). 0.12 molar 
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Fo(N 03)3 solution in a narrow cylindrical capsule of pyrex glass is used as tho 
proton sample. The proton probe is a simple rigid co-axial cable carrying the 
capsule at one of its end; a few number of turns of S..W.Gr No. 30 enamelled copper 
wire are wound over tlie capsule Avitli one end connected to the central conductor 
and the other to the outer shield of tho co- axial cable. The proton sample is 
placed very near the cavity within the central region of the pole faces such that 
the coil wound over the narrow capsule and tho experimental specimen inside the 
cavity occupy symmetrical position between the pole faces. It has been found 
that within a range of 1 cm the value of the magnetic field in the central region 
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romains cv'^crywliere the same wjUjiii 1 piirt in 10,000 as seen from the unehanged 
position and shape ol the j)roton resonance (p.r.) signal in the C U 0. 

M E H O D O 1\I E A S U B E M E N 'J’ OF T B 10 P . M K . V E A K S 
IN S I N 0 L E ( ! II Y S T A L S 

In actual measureme,nt the experimental sample a, single crystal, is placed 
with a gi\aai plane hoiizontal on the end face of the microwave sample holder 
clioke as explained (*arli('r, a standard samjile of the Iree radical D.P P.H. (diphenyl 
picryl hydrazil) is placc^fl at the ( eiitie of the tuning [ihniger of the cavoty and 
tin* jirotoii piohe just outside the cavity m a manner explained ahovi*. All those 
ari' thiMi \^']thin a range of 1 cm and the magnetjc field is the same at each of thei(i. 
Tlie 1) IM’.H. sample holder is a veay thin and small jierspex plate over which 
fcAv grains ol D.l'.P H. are spread and lix(‘d hy a thin layer of duro-fix. 

in vidi‘o-d(M;ection system the ji.iii.r. signal is fed to one bi'am of the doiiblc\ 
beam (Ml 0 via a wideband amplifier and the p r. signal to the second beam via 
an aiidioamphliiw Tlie radio-lieqneney at whnh jiroton lesonanco occurs (san 
he vaii(‘d by adjusting a variable condiMiser in the r J‘ oscillator so that the peaks 
for tlie two resonance signals coincide at tlu‘ centre of the (jMI.O. for the given 
static magnetic field at Avliich paramagnetic resonance peak occurs. This p.r. 
fiiMpuMicy is tluMi nieasuK'd very accurately coriec-t up to 1 jwt in l()'‘ by a hotoro- 
dyne fie(|nencymeter (Signal Cor})S, J3(l-221— All) having crystal cheek points. 
Measuring fb(‘ jii. friMpiencies at different static iiiagne tic fields corresponding 
to Uiio P ili li. ,^kjii(iIn one lor the experimental siiecimen and the other loi the 
standard l),P P H sample, we can easily calculate the (/-values of the specimen 
along till' (lii(‘c(/ion of ilii^ applied magnetic field as follo'ws ' When the jiroton 
signal is nuuk' to (ioincid(* with the 1* M il. signal for the specimen we will have 

.. (I) 

where (/ and are the jy-v allies for the specimen and the proton (nuclear (/-factor) 
respectively, /) and //^y are atoimc and nueJear Bohr magnetons, and v and Vjy are 
the microwave and radio Irequmioy respeidively. Similarly, ivhen the proton 
signal is made to coincide w ith the P M ll signal corresponding to D.P.P.H. 
occurring at a diffiMimt magnetic field, the microwave frequency Temaining un- 
changed W'e wull have 

= ... (3) 

Uif/iKH' - /(-Vjy' ... (4) 

From equations (1), (2), (3) and (4) we get the (/-value of the specmicn to ho 

n = n,, . 2.0023 -A 


( 6 ) 
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[r/-value for D.P.P.H is accurately kmnvii to be 2.0023 (ref. Ingram, 1955)]. It 
is obvious from above that any variation of the stc^ady magnetic held during the 
measurement will not affect the rcBult, provided the microwave! find r f. frequen- 
cies remain con.stant. 

In the p.s d. method used in the case of \nud(‘ lines, the small modulation ampli- 
tude IS sufficient to sweep through the whole of the proton or D.P.P H. signal 
which are both quite narrow. Hence the iirotoii signal can be displayed on the 
O.R. O. screen, while tlio steady magnetic field is kejjt at resonance A'^aliie for the 
experimental specimen in a manner exxdained earlier by fibserving the zero 
liosition of the microanimeter in p.s d. out-put Tin* p.r frequenev is measured 
as in the jirevious case liquations (1) and (2) will also now hold good Again 
making the jiroton signal to coincide with the P.Mlt. signal for 1) PPH. in the 
C Tt.O. and measiiring the p.r frequency under this condition m'o will have tin* 
conditions of equations (3) and (4) lulfilled. Thus from these two measurements 
ol trequeneievs we can calcidate the (/-value of the sx^eeimen with the hel|) i»f 
equation (5) Any change in the magnetic field during the measiirenient of 
X) r frequency corresponding to the x)-JU r of ihe specimen will he indicated by 
the unbalance of the centre-zero microanimeter (5()()/(.f ) from its null ])osition 

The line width can also be obtained directh' from the sejiaraiion of th(‘ maxi- 
mum and mirnmuiu of the derivative curve in the ease of well resolved linos, 
otherwise the full absoiptioii signal is to he obtained after nunuu'ieal integration 
of the derivative curve 'Phis is best done wutJi the helii of a jien-recorder I)u(‘ 
to the lack of such an instrument the linewidth has not heiui (luantita lively 
measured although a qualitative idea can he obtained from the (f.K.O. display of 
the signal or from the derivath’^e response of the ceritre-zcTo microamnieter. 

RESULTS AND DISCUSSION 

C.R.O. display of p r. signal and P.M.R. signals for T) P.P.H, single crystals 
of CUSO4, 6H20(trichinc) and CuK2(SOj2> bHgO (monochnic) are shown in Figs. 
(7), (8), (9) and (10) rcsxjectivcly. In the photographs the return trace ol the oscil- 
loBcopo is blacked out. 

In the case of CUSO4, 5H2O figure (9) shows the absorxition signal, when the 
magnetic field is axiplicd along a particular dii’cction, x>ara]lcl to the (110) lace of 
the crystal, in which it is most prominent. The line width shows an angular 
variation becoming so large in some orientations that the signal gets comiilctoly 
ill-dofined for C.K.O. display (c.f. Bagguley and Griffiths, 1950). In this case we 
were unable to resolve the t-wo lines for the two ions in the different planes even 
with p.s.d. method at 1.2 cnis and 300''K and henco the iirincipal ionic g values 
and their orientations could not be measured. We are trying to do this by setting 
up a 0,8 cm spectrometer. 

2 
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Fig. 9. Fjg. 10 

Signfil foi Cu80| GHmO llroni) Hignul for Culvn (SOj)^ OH^O. 


In tJic case of tho .single crystal ol CuK.^(S 04 ) 2 (iK 20 tlie absoiption signal 
is too broad to be very faithfully displayed on tlic C.R 0. screen although the peak 
could 1)0 recognized for all orientations of the cryfitaJ With the p.s.d. method 
il. was possible to determine tlie positions of the peaks very clearly for the resolved 
lines. In general for any orientation of the cry,stal two signals appear due to the 
two niec|i]ivalcnt ions* in tlie unit cell obtained from one anotlier by a reflection 


Crystallographic ally equivalent , 
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Kir ]1 

Narrow Signal Tor I'uli: (SOi)-, (iUjO (Pliol/ORraplih m >'ir 10, IJ 
taken undor identual inodulal.imi uiiipliturlo). 


in the (010) plane. The Ijiiewidtii also shows angular vaiiation, (el. Ulcaney et al., 
194-9) the amount o! variation being less than in the ease ol CUSO 4 5HaO. From 
the measurciiKiiit of y values in diflerent clireetions along four simple planes of the 
crystal (mostly natural laces) y values have been calculated directly by a conve- 
nient method analogous to the detenu 1 nation of principal susceptibilities in tncli- 
nic crystals ((fhosh and Bagchi 1902) develojied hy us and to be discussed in details 
in a furtlier communication. The princixial ionic y-vaiues ni CuT\j,(SO 4 ) 2 . 6 H 20 
show that the symmetry ol the crystalline electric field is definitely orthorJiombie 
rather than tetragonal (e.f. Bleancy et al., lf»49) The jirincipal g values at room 
temperature (IlOO'K) and their orientations 111 usual tensor notations, with refer- 
ence to the crystallograpliic axes, are shown in Tables I and II respectively. 

These values are consistent ivith the results of Bleaney H al (1949) at 90°K 
calculated indirectly by trial. 

It appears that g values do not differ much for these tivo temperatures indi- 
cating that the crystal field remains almost unaltered in this range of temperatures. 
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TABLE 1 TABLE II 

c* is a line normal to ‘a’ and ‘6’ axes 
of the monoclinic crystal 

a 

Qi 64’5' 134°6' 114*^24' 

G. 72“60' W6°50' 24”30' 

Ga 4:1%' 4B"69' 92° ' 

The lact that tlie signals for the two incqiiivalont ions in the unit ceil ari 
resolved in tlie case oi 0111^.^(804)261120 and in no orientation tlie line width 
small (ijiougli to he very faithfully disjdaycd on the C.lt.O. screen, unlike the <!ase\ 
of single sulphate ol (iopper for which the line width is (iomparativcly niucli less 
in some orientations although signals tor two Jnecpnvalcnt ions are not lesolved, 
suggests that (‘^change interaction effects are more prominent in OU8O4, ^HjO 
tlian in OuKj 6HjjO (of. Blcaney et al , 1 !) 49 ). 

Ft IS known that magnetic diiiole-diiiole interaction betw een paramagnetic 
neighbours broadens tlie, lines Exchange interaction between similar iiflis i c. 10ns 
with the same energy and parallel jirccessional axes of spin vectors in the applied 
magnetic held iiroducesa narrowing of the line, while exchange interaction between 
dissimilar ions adds to the dipolar broadening ((forter and Van Vleck, 1947 ). 
In the second type of exchange, if the interaction energy between two neighbour- 
ing ions is less than the scpaiation in energy of the two ions in the apphed magnetic 
field, tivo lines will ayipear corresponding to the Wo ions (Bryce, 1948 ). Hence 
the narrow unresolved signal of OUSO4, hHgO at least qualitatively indicates that 
both types of exchange lorces are miKjli stronger 111 single sulphate of copper 
than in copper potassium sulphate This is expected considering the closer proxi- 
mity of neighliouring copper ions in CUSO4, and agrees with the earlier 

findings. 

Further, it is readily found from the O.K.O. display or from the derivative 
response' that tlie signal for (yuK2(SO4).20H2O in (001) face shows a definite narrow- 
ing of the peak to some extent in some orientations (Figs. 10 and 11 ) This occurs 
whenever the two signals (jorrespoiiding to two ions are coincident i.e. whenever 
the direction of applied magnetic field is equally inclined to the corresponding 
principal axes of the two ions (the magnetic field is then either along ‘a’ or ‘ft’ axis 
of the crystal). In such a situation the magnetic energy of the two ions in the 
apphed magnetu! field is the same although the spin vectors of the two ions may 
not precess about parallel axes. Under such condition exchange broadening will 
be much less and apparent narrowing of the line will result, the degree of such 
narrowing being much less in this salt than in CUSO4, as seen readily from 
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oscilloscope dislpay or dcrivaUve response of the signal. This suggests that in 
CuKalSO^jgGHjiO cxcliange l(jrces, although Aveaker in strtuigth, are not negligible. 
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ANILINES IN DIFFERENT ENVIRONMENTS 
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(Vjj(UJTTA-.‘t2 

(Uecanipd Hiyeptemher 10. 1963) 

ABSTRACT Copf^oHluiirb iDHthod ol (.lo.it.iaont, of iho oloctroetal u* morlol of hydrogon 
bond has Ixion uppliod to tbo ( iiso ul hydrogon bomling in solid ions botwoon tlio molouiilos 
of uuiliiio or of subhtil.utnd aiiiliiios uiid tlio moloculps of somo polar solvonta mid also to the 
CHHO whoii Hucli boriils ai'o fotiuod IhiLwooii similar moloculos in tho liquid sUito of tlio pur© 
coTiipouiids. Tl IS poiiitod out Hint in tbo imho of Kiirb a moclol, tlio lalio of tlio valuos of 
tho Hiiin of flio solvoiit .sliiits in tho froquoncioH of N-li stioioliiiig vibrafions of a^aartioular 
conipoiind in solutioiiH in two diffoionl solvonfs should bo mdoponrlont of tho riatiuo of the 
cornpoundH In tho cfiHO of tho pnro liqiiidH, on tho other hand, tho ratio of tho sum of the 
froquenoy Hhiffs to tho goomotiic moan of the froipioiidos of Rynunotrio and aHymmotiic N-H 
Ktioti’hjug vibiatioiis foi tho diHoront compounds ih oxpoctod to romaiii constant Tho data 
roportod proviouHly iiro found to conform to those exportations Moroovor, tho oxporimontal 
fact that tho rafio of the sum of i-ho solvent shifts in tho fioquoncios of tho two N-H stiotcliing 
vibrations of a, puiticular compound in a corf.n,m solvent to that of anilino in tho same solvent 
IS a constant for Iho compound and is afiproxnnaf-oly nidopendent of tho nature of tho solvonl, 
has been .satiHl'actorily accouiitod lor on tho basis of tho modol, 

I N 1Ml O D U C T r 0 N 

iSmeo Pauliii" (1028) jirojiosed that the Jiydrogen bond is ulertrostatic in 
nature, many authors (iSaik and Prigogiiic, 1941, Maladiorc and Magat, 1947; 
Maliidifero 1948. Coggeshall, 1950; Shigorin and Dokunikhin, 1955) have calculated 
the spectroscopic ])ropertit‘s of hydrogen bonds using sueli models, (loggeshall 
(1950) theoretically investigated the frequency shift, the intensity of absorption 
and the energy of assiKiiation of a hydroxyl group whicli is particqiant in a hydrogen 
bonded (;oiiiplex by solving the iSelirodmgor eipiation for a hydroxyl group treated 
as a diatomic molecule tvith a Morse potential energy function to ‘which tlie polari- 
sation energy of a hydroxyl group due to electrostatic interaction lias been added. 
He found that the stretehing vibrational frequency of the hydrogen-bonded 
0-H group in benzyl alcobol and catechol calculated by the above method agrees 
well Avith the experimentally observed values. Coggeshall also showed that, 
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lor small vibrations, considcraiinns based on partial lome and eo\^alent eliaraeter- 
istioB of the liydroxyl groufialso \'ieldfreqiieneies in lair agrei’nient with exiieiiinent. 
Venkata Haimali and Puranik (l9(»Lki, b) apjilied the lattei inetliod AMth some 
niodilieation.s to tJie oakiilation ol the stiel .!hmg \ ilmitional Ireqiii'm ies ol hydrogen 
bonded N-II bonds in anufles and n( 0-H lionds in aeids and alcohols and achieved 
fair agreenii'iit with the: observed values In all these cases the triapieney ehangi* 
due to hydrogen bonds I’oniied between siinilar molecules liave been ealcnlated, 
but no such calculations haseil on the electrostatic model of hvdrogen lioiids 
iormed h(d.wcei] two dissimilar molediles a iz , a solvent and a solute moliM iih' havi* 
been made Mi'dhi and Kastha (IhbSa., b) have studied liydi'ogen bonding in 
aniline and substituted anilines in the h(|ui(l state and in solutions in soim* polai 
solvents. They have oliservcil tha< the ratio ol the sum ol the solvent shilts in 
the frequem les ol symmetric and asyniinetric N-II streti hing \ ibiations ol a paili- 
oular anjhnc eompouiul in a certain solvent to that ol aniline m tlu' Sfiiiie solvent 
IS a constant Avhich is almost independent ol Ibe natiiie ol the solvent, 
Moreover, tin* value ol tlic constant v as found to be greater tlian iimt\ loi com- 
pounds whoso molecule.s cmitain electionegative atom or gioiip ol atoms (lor 
wliieh Kammett fT factor is positive), nhilclor loinpounds with moh'culeh con- 
taining a electropositive gioup (Ham nietl rr factor iK'gati VC ) tlu' value ol the ratio 
is less than unity It is the purpose of the jiresent paju'r to lind out how lar the 
electrostatic model of liyrlrogen bonds tieated by (loggeshall can (‘xplaiii some ol 
tin* observed facts (piahtatively. 

C O G (1 E 8 H A L 1. MOHEL A 1’ T L 1 E D 'I' G N-ll -X 15 O K D 

III applying the model ol (loggeshall to hydrogen bonds loniu'd betuooii 
the 11-atom in one of the N-H bond.s of the molecule ol anilini' or any substituted 
aniline and an atom A' (where X - O or N) in the molecule of the solvent the lol- 
loAVing siiiiplifying assuniptioiis have be(‘n made. 

(i) TIk: wlNtioiiN i.rc SO dilulo that only tlio inloraotion lictwwm a siuKlo 
luoleculo of tlio solute and a inoleoulo of the solvent need be eoiisidcrod. 



Linear hydrogon bond N— It,. X between a molecule of I’henyl amine and a moleoido 
of a Polar solvent. 



670 


0. S. Kastha and K. G. Medhi 


(ii) The hydrogen bonds are always very nearly linear, (c/. 

Pimentel and McClellan, I960) as shown in Fig, 1. 

(iii) The distance Vjj-x almost the same in the case of solution ot aiiiUne 
and td substituted anilines in the, polai solvent whose molecule <!ontains the atom 
X. 

(iv) The bond length in the molecules of the various phenyl amines is 

approximately constant 

Jt is assumetl that all these considerations apply to tJiost', aniline conipoiinds 
where tlu' substituent is neitlier very electronegative nor offers sterie liindrai^ccs. 
Ill tlu‘ following paragraplis tlie physical (Quantities associated with a substituted 
aiiiliiio ( ()mi)ouTid with a. delinitc Hammett (r-faetor are designated vvitli a super- 
script (T. \ 

(a) X TG'imiscniimj an atom of mlrngan or of oxygen m the niolenulc of the fiolvent 

Tlie force constant lor the strete-hing ol N-IJ hond in the various phenyl 
amines is calculated fioni tlie, equation /" — 2 76 ^: 1(1”^ 1-v/’^) dynes/em and 

IS related to the dissociation energy in K. Cal/molc of the normal (lovalent 
N-R bond through tlie relation -- where a" is a constant, 'W'hieli is 

slightly different for different molecule's in the s('ii(‘K of plumyl amines investi- 
ga.le,d, in the cxpre.ssion of the vibrational ])otential fiinetion of the Morse type 
used by Ooggc'shall (1950). HememlKMing that v/ v/(l | (!>'), wdiere is small, 
we find the total solvent shift Av/" ( Av,/ |-Av/') is given by Av,'" — G.02 
.. (1), where AD'' — 7^- 7>", J)’’ laung tJu^, dissov.iation energy in K 
Cal/mole of the liydrogcn lioiuh'd N-M bond Aeicording to Coggeshall (1!)50) 
D" ]\ -{FilF,,y/t, wlu^re 1)^ is the dissoeuation emu'gy in K Cal/mole of a 
normal covalent N-R bond and (f also in K. Cal/mole, is the entTgy due to 
ionic (jharaeber of the N-H bond (F^jF^)" represents the ratio of tlu', electro- 
static force's exeitcd by the unbalancod charges A' and on N respec- 

tively on tlie unbalanced cliarge on H and is given by, 


^ E.’X' ^ N~U 


( 2 ) 


It is se-eu from eqn. (1) tliat for the sanm coiiqiound dissolved in two elifferent 
polar solvents whose molecules contam the atoms and X.^ respectively, the ratio 

D --D 

of the total solvent shift in the two solvents is given by, (Avf")j/(Av /')2 — ® — rA 

7^0 — 

Substituting the values of and and using equation (2) we obtain, 

= ... (3) 

Eqn. (3) shows that the value of the above ratio for the different compounds 
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dissolved iu the same pair ol solvents is a C(Jiistaijt for the particular pair of sol- 
vents and is independent of the nature of the conipoiinds. The value' of the ratio 
computed from the total solvent slid Is lor a number of aniline and sidistituted 
anilines in solutions in acetone, ether, tetraliydrofuran and pyridine as obtained 
by Mcdln and Kastha (19G3b) arc given in Table 1. The approximate constancy 
of the ratio foi- a pan- ol solvent Ls evident. 

Now, if we compare the value of the total solvent shift (Av^'') for a subs- 
tituted aniline compound with that of aniline (Av^®), both in solution in the 
same solvent, wo find from eqn. (1) 


Avf'^/Av^" = 


a" 





TABLE T 


Compound 

Pyridine 
(Art”) Acotono 

(Av/') 'J’etrahydrofuran 
(Art”) Acetone 

(Avf) Ktber 
(A 17 ”) Acetone 

Am lino 

2.25 

1.58 

1.12 

m-Phoneiidme 

2. 10 

1.54 

1 16 

m-Anisidino 

2 12 

1 50 

1.06 

p-Anisidmo 

2 20 

1 40 

1.22 

m-ToIuidino 

2.22 

2 10 

1.25 

o-Nitroanihno 

2,10 

1.63 

1,18 


Substitution of the values of and Z)® and use of eqn. (2) yield 


Avt^ _ a'^ 
Av<® a® 


{Fjf'zriWF.r - 

«o 


<1n ' 


If we assume ^ ft® and j^~jj si then the value of the above ratio, 

denoted by /S'" becomes, 


qrr _ AVf" ^ jf' 

Av«® »?/ 

It is seen from the relation that the value of is a constant for a particular com- 
pound and IS independent of the nature of the solvent as has been observed by 
Medhi and Kastha (10t)3b). The t^harge q^’j^ on the A^-atom in the molecule of a 
substituted aniline compound consists of two parts, a negative unbalanced charge 
—Q^ originating from the bond moments of ilie various localised bonds in the 
molecule and a part arising from the migration of charge from the A- atom 
into the delocalised 7r-orbitals of the molecule. If the values of the first portion 
3 
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of the unbalanced charge for the various substituted anilines arc not much 
different from that for aniline, then ^ . The 

charge (f^ will in general be greater or smaller than depending on whether 
the subBtituent in the given position in the molecule of the particular conii)ound 
is electronegative or electropositive respectively in comparison to the H-atom in 
the same position of the aniline molecule. 

Thus for the electronegative groups Cl and NO 2 the value of S" is greater 
than unity, while in the case of the electropositive methyl group the value of 
is less than unity. Since the Hammett a factor for the electronegative atoml or 
group of atoms is positive and that for electropositive group is negative, me 
foregoing discussion explains the observed facts mentioned in the introduction, 
(b) X-representing the N-aiom in the NH^ grouj) in the molecule of the phenol 
amines. 

In the case of aniline and some substituted aniline compounds in the liquid 
state the hydrogen bonding takes place between the H atom of the NHg group of one 
molecule and the N-atom in the NH^ group of another molecule as shown in Fig. 2. 



Fig. 2. 

Bant hydrogen bond N — H...N between two inoloculoa of aniline 
m the liquid Btate. 


The N-H...N bridge in the figure is pictured as slightly bent, liowever, for 
0 ^ the linkage becomes linear. 

The relation in oqn. (1) can be written in the slightly different form . 

= (v/v,‘^)iA2>7i)o (4) 

Substituting the value of AZ)" in eqn. (4) and replacing F-^ by F^ cos B, the compo- 
nent along of the electrostatic force exerted by the charge on the N-atom 
of second molecule on the charge on the H-atom of the first molecule, we 
obtain 




A Note on the Electrostatic Model of Hydrogen, etc. 573 

If the values of 0 , and ^ are not much different for tlie various phenyl 
amines then the values of are expected to be almost tlie same in 

all the compounds The values of the quantity computed from the data on 
and v/ obtained by Medhi and Kastha (1963b) for aniline and sonio 
substituted aniline compounds arc given in Table II. The value is seen to be 
approximately the same for the different compounds. 

TABLE IT 


Compound 


Anilino 

029 

w-Chloronniliiio 

.024 

w-Amsidino 

.022 

^i-Aniflidme 

.024 

m-Phenotidino 

.023 

wi-Toluidine 

.023 

jj-Tolmdine 

.022 


Erom tbc above discussions it is seen that the dectrostatic model of hydrogen 
bonds treated by Coggeeball fairly explains the observed facts qualitatively. 
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EXCITATION OF HYDROGEN ATOM IN FAST 
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HYDROGEN ION 

B. K. GUHA 

JDDj'AiiTMnNT DF Physics, P. N. Oolleoe, Patna-4 
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ABSTRACT Born’s ajDproxunatioii is uHod to calculato tho oross-geotionfl of 
following prooosaoa : 

/f-(l;^=J)-l-/f(lfl) ->7/-(l.s^)+/i(25, 2jj, 3.9) 
which are oompai’od with tho similar oxoiiation piocesseg 
H !■+■«( 1a) 7f++H(2.9, 2ji, 3 a) 

and H {Is) + H{ls) hi {U) + H {2s, 2p, 3^) 

mvoatigai-od by Bates, et al It is (bund that the cross soction emwes for excitation of 
hydrogon atom by hydrogen iiogntivo lou is oharactonsed by two maxima, aoinowhat aimiUir 
to ihoso obeei'vod by Moiseiwiich and Htowari in excitation of holium by hydrogen. Results 
are presented mainly m gi’aphical lorm 

INTRODUCTION 

The negative hydrogen ion in the iihotosphero of tho sun has long been re- 
cognised as responsjldo for its eontimioiis opacity in tlic visible speetnmi. Re- 
cently Weiinnan and co-workers (Weinman- 1955) have produced negative Jiydrogcn 
ion by passing positivti hydrogen ion from a niagnetii; ion source through a capil- 
lary tube containing Jiydrogen. Mu schlitz -Bailey group at University of Florida 
(J955) have measured scattering cross section of low energy negative hydrogen 
ion in hydrogen and helium respectively using method of Simon and co- 
ivorkers (Simon, 194;i). Tii recent years detailed theoretical study of fast collision 
processes involving hydrogen and helium atonus and positive ions have been car- 
ried out by Bates and Ins gioiip (1953) using Born’s approximation. Consi- 
derable interest is attaclicd to the study of the comparable processes involving 
H~. The present pajier is devoted to the investigation of colhsion of H~ and 
hydrogen atom, whi*re the hydrogen atom is excited to various higher states from 
the initial ground state by the process. Born’s approximation is used, no account 
is taken of exchange, though tho range of validity of Born’s approximation in 
present type of problem is stdl uncertain. 
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Problems of similar nature as 

2P. SS) 

H{IS)+H{2S, 2P, 28) 
have been studied by Bates, et al. 

THEORY 

We consider collision of a hydrogen atom and a negative hydrogen ion, 
both particles being initially in their ground states. Ignoring the t'ffect of the 
exchange identity of the protons and making use of the Born’s approximation 
the cross-section of the process for which the hydrogen atom i.s excited to the 
state characiterised by the quantum number nl, (the negative ion reniaimng at 
the ground state) is given by 

Q{\8~7il, 18^) = - ( I N\^KdK ... (1) 

where 7i' is Planck’s constant, ‘M' is the reduced mass of the system and 

K == Ki-Kf 

K- = . K = 

^ h * ^ h 


Vi and Vf are the initial and the final velocities of the relative motion, and 
N = j-e“*^-^V(iAl, p)(p*(ls^; r^) 

f ^ \ 

\R+7A \R+P-ri\ \ P-hp -f.,\ 

— ► — > 

■ 8:/ ^{18] p)(p{l8‘^-, Ti, rjdfi df^dpdU 

where R is the relative position vector of the nuclei of tin* two atoms, p the 
position vector of the electron of the hydrogen atom relative to the proton, y s 
are the wave function of the hydrogen atom in the state indicated, and Ti, 
are 'fhe position vectors of the electrons in the negative hydrogen ion relative 
to the proton; $ being the wave function of the hydrogen ion : 

= — 3 GXp 

na^ I <*o ^ 


■^itih ^ — 0.688. 

It can be seen that in the integral for ‘W’ 


1 1 __ 

r«l ’ l«-r,| 


and do not 
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coniributc duo to the orthogonality of hydrogen atom wave functions. There- 
fore we got after integrating 




N- 


2.16.a« 




L 

l(2a)2+/2] 

where 





t = ir«„. 

From 

(1) 

and 

(2) we 

have 




Qiii 

4c2 / 
\ 

27re^ \ 
^hc~ I 

2 r Unani r 


a ] I Xnl*{p)^-^^-^XMdp 


2.16.a* ] 

r(2a)2+«2]2 J 




^vhere 7,^ = Jy,i?*(p)e-^*%,(p)d/o. 

Now 

^nuiz “ ®o ^tnax ~ 

^tnin “ ®o ^min ~ ^f) 


( 2 ) 


(3) 


As is usual in the treatment of heavy particle collisions, it is sufficient to take 
as infinite (Bates at. al. 1 953) and if is the difference in energy between 
the two stattis for a particular excitation x»'oceHseH then ^ 


%nin — 


aJ^E 

fiVi 


1 + 


A77 1 

2Mvi^ J 


2.2. For discrete transitions J„i» can be calculated from (4-) by elementary 
methods. They have been tabulated by Bates and GrifSing. Wc quote their 
value; : 


7(l.v-2.s) 


217/2 f2 


7(1.5-2p) 


21®/^ • 31 
(4«2-f9)“ 


7(1s-35) 


24. 37 / 2 (27^2_^ 16)^2 

(9^2416)^ 


On substituting them in (3) one can obtain analytical expressions for cross-sec- 
tions. But they are in general cumbersome and are very tedious to evaluate. 
It is much easier to evaluate the integrals numerically, which is actually done 
in this paper. 

2.3. It can be seen from the expression (3) 
that if 


2.16.«* 

[(2a)«4-«n.»n*]“ 


« 1 
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then the expression for the cross-section becomes 

*mtn 

which is the same as tluit of the excitation of hyilvogcn atom l)y proton, "rims 
the screening of the negative hydrogen ion has no effect on scattering if the incident 
energy is below certain value. If we take as first aiiproxiniation 

hnin — ~ q. 

nvi 

it follows that for (15-^25 and (l.s- 2s) transitions the hydrogen atom-hydrogen 
negative ion cross-section will differ from hydrogen atoni-liych’ogen poi^itive 
ion (proton) cross-section provided incident energy is greater than hOO ov. 


me SULTS 

The cross-sections associated with the processes mentioned in the introdm;- 
tion are computed from the formula developed. Figures 1 to If show the values 
obtained. It should be noted that a log-log scale is used, and that the independent 
variable chosen is not E, the energy of relative motion, but the energy ol the 
incident particle, the atom undergoing transition being taken to be at rest For 
comparison the cross-sections ol proton -hydrogen atom and hydrogen-hydrogen 
atom as calculated by Bates and Griffiing are also plotted in the same figures. 

On comparing the cross-section curve of {H—H~) with corresponding curves 
for (p-H) and (H-H) respectively it will be observed that at low energy tlie cross- 
sections of {H-H~) impact lie close to but above the cross- secition of the latter 
processes. When energy is sufficiently low the cross-section almost 

coincides with that of (p-H) impact. This is in conformity with the trend ob- 
served ill (p-il) and {H-H) impact. 

The curve for (H— H~) is characterised by two maxima, somewhat similar 
to the double peaks observed by Moiseiwtsch and Stewart (1954) in collision 
between hydi'ogen and helium atoms. Moisehvtsch attributed the phenomena 
to double transition. Essentially the same shape of curve has been obtained 
by Bates and Griffiing who however remark that if a better approximation 
method is used in the lower part of the energy region, the first maximum 
may be partially suppressed and the true curve may conceivably show a single 
broad maxima. 

For (l 5 — 2«) and (Is— 3.s) excitation the maximum cross-section is below that 
of the corresponding (H— H) crss-section and is shifted to considerable lower 
energy. But for (Is— 2p) transition the maximum cross-section is in between 
that of (H-H) and (p— H) cross-section and is at higher energy. 






o 


\ Z 

Log Energy (in kev) 

Eig. 2 

H+ |-H{lB)->H++H(2p) 

o— H(lB) + H(lB)-4H(la)+H(2p) J l^atos & Gnffing 

H-(Ir-) I H(10HH-(1b 2) |-H(2p) ^ 
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At higlicr energy tlie curve foi (l.s'— 2.s‘) and (Ls— H.s-) transitions almost coin- 
sides with that of ilio (PI- -U) curves for the corresponding transitions, while the 
cm VC ior (1.5' 2p) transition lies above (H— H) <‘urve and has a tendency to coin- 
cide (with (?i-ll) curve from hcOow 

Ihdortunately no experiment is done in the energy region of this calculation. 
Only available data arc due to P]. E. Muselihtz who measured the siiiittoring 
cross-sct;tioii ol Ti“ in hydrogen and helium in the energy range A t'v, to 30d ev. 
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A JEWEL MOUNTED MICRO-BALANCE FOR THE 
MEASUREMENT OF MAGNETIC SUSCEPTIBI- 
LITIES OF CRYSTALS 
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ABSTRACT. A jowol-moiiniecl microbiilancH has hpen desigiind und nonatructod for 
tho moasuiomont ol t-lio mugootic su.st‘cptiiLilil.io.s oj the di'a- and jjaramagnoiu- crysials al, vaii- 
ouR tompoiatuies Tlio detailed doacnption and method of calibration of ilio balance arc 
givoiL in tho paper. Tjie biilauce ih of robust and stable construction and its doflerj.ional aonsi- 
tivity is magnified very much by a suitablo optical lovor arrangemenl M’ho magnetic force 
upon a sample suspended by a thin fibre from ono arm of the balance is compensated by tho 
force exerted upon a small current bearing coil by a jiermanotit niagnel 'J’he Haiiiple wlien 
in tho form of a amgle crystal is free to set with ita maximum susceiitibility iniho honzonfal 
plane along tho direction of t.lio magnetic hold When fhe balance is calibrated by a si^andard 
sample the above method gives diioutly the maximum Kuscojitibility in tho horizontal ])lmie. 
Tho sonsitivitv of tho compensation device is J.ti5x I0“0 gms per microanipore of coinjiciisating 
current 


INTRODUCTION 

Of ilio methods (Krishnaii and Baiierji, 1933, Butta, 1944; Bntta Roy, J955; 
Bates, 1961) \vlii(;h arc heing utilized here as well as elsewhere for the determi- 
nation of the magnetic susceptibilities of different types of para- as well as dia- 
magnetic snhstanccs particularly of the single crystals of these, the quartz fibre 
micro-balance method devised by Bose (1947) has been found to he very i-onve- 
nient, though somewhat less sensitive than some of the other methods, namely, 
those working on the principle of a Curie balance. In Bose’s method the single 
crystal suspended freely, with a very fine fibre from one arm of the balance, 
in a horizontal magnetic field with a vertical gradient sets with its maximum 
susceptibility in the horizontal plane along the field and at the same time moves 
along the gradient, thus eliminating tlie uncertainty about the direction of 
measurement of the susceptibility and affording obvious economy of space in 
the design of cryostats and heaters. 

But the quartz suspension system was very sensitive to disturbances and liable 
to frequent breakage. Attempts to replace quartz fibre with phosphor-bronze 
strip did not improve matters and leplacement became difficult- owing to unavail- 

582 



A Jewel Mounted Micro-Balance for the Measurement, etc, 683 

ibility of the Btrips. Morcovor, in horizontal fibre BiiHpenHioii systejus there was 
alM^ayB Bagging of the strips and the usual yielding i\i the points of attaelniient. 
Finally, balancing of niagnetio force by manual i.orsion of the fibre introduced 
unwanted disturbances in the svstem and the sbar]) magnelic gradient used led to 
uncertainties of calibration With the ob|ect of i(‘iur)ving all tiii'sc objeiiiioiiH 
the manufacture of a jew(d mounted micro-balance and other concomitant arrange- 
ments wore undertaken u'^hich will be. described in details in the ]U‘esent paper. 

T R O K Y 

When a small magnetic crystal is placed in an inhomogeneous magnetic field, 
it experiomies a couple due to its magnetic ainstdropy, given by (Nye, 1957) 

a,, ^ v{ I (t. i, 1c 1.2,9) . (1) 

where k'n and //’s arc the components of the volume susceptibilities and mangetic 
field strengths respectively and v the volume of the crystal. 

In addition to this tlie crystal cxjieriences a traiLslational force given by 
(Nj^e 1957) 

- (2) 

where Icq is the volume siiBceyitibility of the surrounding medium 

If now the experimental arrangement is madi' such that the magnet, jc field 
is in the direction (horizontal direction from pole to pole) and the gradient, m 
the direction (vertical), the couple duo to magnetic anisotropy ivill be, in the 
-plane (horizontal) and about .r,, and the translational magnetic force will 
be along the x.^ direction, If t,he experimental set, uj) be so arrangerl that the 
crystal is incapable of taking up rotation about, any direction except t,he major 
couples due io nniftotropy of shape about r, and become totally incffi^ctive. A 
small residual couple of this t;sr|ie about .73 may bo eliminat ed by grinding tlu^ crystal 
in the form of a disc in X 2 plane. 

Then the magnetic anisotropy which is only effectivi' for the purpose of rotat- 
ing the crystal in the plane x^ x., will be given by 

2l/r- ... (3) 

where k^av maximum and minimum values of the volume sus- 

ceptibilities in the x^ x. plane and f is the angle between the magnetic field and 
If 111 ® crystal is iierfcctly free to rotate about .r.j, the. above couple due 
to magnetic anisotropy will place direction practically along the field {x^^ 
direction) and at the same time crystal will experience a force due to the 
gradient m the x^ direction given by 

F, = v{k^,-K) (4) 

The measurement of this force will then give us the maximum value of the magne- 
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iu: sus(;c*f)tjl)ility in plane. The a})Ove principle ih ntilKserl in ilic* balance 
deHciibed 

Desert i)i ion of Hie hula me 

(a) Tlie l)alance (lonsisis ol a light horizontal beam made from thin alumi- 
nium Kliec't about b iinllimetorK wide and 25 centimeters in length bent along 
th(‘ longitudinal axis to an /y-sliajied cross section serrated along the vertical sec- 
tion, to lake movalilo wire riders. 

The bea.m is cajiable of rotation in a vertical ])lane about a tJnn non-magnot^c 
stainless sli'el spindle rigidly fixed at right angles (honzont.ally) through the balam 
beam For sensitiveness in detecting the movement of the beam the sjmidh' i 
fixed at a ])omt aboni IK ein from the mid of arm at v Inch the sanijile is snsjamded.^ 
Tlie sjmidlf' is aiaaiiately mounted on a pair of jewel beanngs set m a P-shaped\^ 
biass liold(‘r and fixed with arms upright on a horizontal aluminium base provided 
with l(‘velhug Hirews The jewel bearings consist of a pair of pmforated jewids 
With a fiaii of Ifat jewels Ixdnnd them to jirevent any lateral niofmn of the sjmidle. 
Th(‘ j(‘Wi'ls aie sid within two acciiiately cut vserew heads [lassiiig co-aMally through 
tlireaded holes near the top of the two aims of tlie brass holdei and locked in 
position by locking nuts. 

(b) Mviliod of obstrvidion of the movement of the beam 

Tin' movemenf. of the balance beam could be observed as usual by mounting 
a vertical minor ujioii the spindle, but for very small forces the movi'inents ol 
th(' beam an* not. jiereeptible with this arrangement. Cionsecpiently, a simple 
device for magnifying tiiese movements has been adopted A small light jilane 
minoi lias bei*n ki'pt vmtical by means of two horizontal stretched uiispun silk 
fihres attached at the two ends of the horizontal diaiindm' of the ninror. The 
position of the mirror is about 3 cm above the honzontal badanee beam near its 
mid from whnh samjih's are susjionded for magnetic mea.siirmuents. A small 
piece of glass rod about. 1 c-iu in length is attached with tin' mirror at right 
angles to its jilane so that in undisturbed position the rod is alw ays hoiizontal 
and just abo\'e the balaina- beam. A small piece of quartz fibre is attached 
between the halance beam and the small horizontal rod with the mirror in 
such a w'ay that the fibre is alw^ays taut. Thus any very leeble movements of 
the heatii is now many times magnified and can he observed by lamp and 
.seal e arraiigeineiit . 

(c) f^aspension system 

Tlie suspension sy, stein consists of three parts at-tached successively to one 
anotlior (i) the ujiper portion consisting of a thin and short glass rod hooked at the 
upper end to hang from the balance arm, (u) tJie central portion consisting of 
a fine (juartz fibre of suHicient length, and (lii) the loAvermost portion consisting 
of a thin long pyrex rod to the low'er end of winch is fixed the crystal, with the 
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known direction vertical and lying aeiiurately in the small region over ivliich the 
magnetic force is a])prccial)ly (‘-unstant The pyrex rod is ol siicJi a ilongth that 
the thin index loil fixed at its upjier end slums above the Jieater or the cryostat 
chamber, between the pole pieces, within Avliieh the crystal is siisfiimded for taking 
measurements at high or low temperatures. 

(d) Method of 'measurement of the magnetic force on the sample 

Jt IS obvious tJiat the specimen susjiended with th(‘ fine quartz fibre Irom one 
arm ol the micro- balance in the non-hoinogeneons magnetic field, bela\i‘en Siu k- 
smith (19119) type of pol(‘ shoes over the flat pole piec(‘.K of the electromagiii't 
(as adopted here by Diitta Uoy 1955), sets with its niaxiimim susceptibility in the 
horizontal plane, along the lionzontal magnetic field and at the same time moves 
bodily along tlu^ vi'itical gradient The magnetic translational force is measiiii'd 
by an electrodynamu; arrangement placed at the othei end of the balance beam. 
The arrangeiiKMit consists of a small coil of 70 turns of emimelled copper wire of 
42 s w.g wound on a light hollow cylindrical perspex former (about 1 cm in length 
and S mm in diameti'r) suspended from the end of the balance beam and placed 
inside the magnetic field of a permanent magnet. J’ole jneces of the permaiumt 
magnet are shaiied to concave cylinders and the coil hangs freely coiKicmtrically 
between them Wlu'ii a current is passed through th(‘ coil, the balance beam 
exjHU’K'nces the usual ele(-trodynamie force proi)ortJonal to the ciiri'iMit The 
terminals from the coil an* taken in such a way that very little ri'slTiction is 
imposed on tlu' movement of the balance beam 

TJie entire balance system consisting ol tlui above described [larts is jilac.ed 
firmly siirewcd over a plane base provided with levelling screws, '^I’he mitire system 
is covered by a ju-rspex cover to protect it from di aught and dust. There is 
an aiTangement fixed to the base by which the beam can be keiit arrested from 
outside the case wlieii not in use. The sjiecimen to bi* studied is suspended from 
one end of the balance lieani, jiasst's through a hole in the liase into thi‘, inhomo- 
geneous magnetic field and is counterpoised by placing riders on the beam. 

When tile magnetic field is switched on, tlie hc'am is deflected due to the 
magnetic force and (;aii he restored to the original position by sending a siiitaljle 
curient tlirough the balancing coil. The description of the different parts can 
ho better fulloivcd by referring to the adjoining diagram (Mg. 1.) 

Test of sensitiveness : 

111 order to tost the sensitiveness etc. of the balance, tliii beam was firsf, made 
free and horizontal and an accurately weighed rider made of thin aluiniiiium wire 
is placed successively at different points on the balanee beam starting from one 
extreme end. The <;orrespoiidmg deflections of fhe mirror was ohsiwvcd by a 
lamp and scale arrangement and were balanced by vsending suitable currents through 
the balancing coil. The current was observed in an accurate, sensitive and cali- 
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Ijraiod microamot(}r of wluch readings are correct to microampere. The 

balancing current was more accurately measured by recording the drop of potential 



Fig. I Soliomalic diugram of the balttiico (not to scale). 

J3 Ann of tho b^ilauco. tS — Slaiii)e.ss Stool Spindlo. 

J, J Jewels, H, FT }3rass holders. P Permanent Magnet. 

0 'Cnrrcnt bearing coil. M 'Light plane mirror. 

G Pyrex glass rod. Q Quartz fibre. F Unspun Silk fibre. 

R, H ^Clopper springs. T Suspension system. 

JN Aluminium baso of the balance. 

across a standard resistance placed in the circuit, wdtli the help of a L. and N. 
student’s type potentiometer while the balancing current was floAving through the 
circuit. The results of observation are shown in Table I and the variation of 
current with lorc.e shoAim diagraminatically in Fig. 2. 


TABLE I 


Ayoighl of 
tlio rider 
in gm 

Position of 
tlio rider 
from tho 
spindle 
in cm. 

IGffeistivo 
loud at 
the end of 
the beam iii 
imlligram. 

Balancing 
current 
in micro- 
ampomB 

SenHitivoness 
in gm/micro- 
ampere 


0 

0 

0 



:i 6 

333 

205 0 



7 2 

.607 

405 0 


.00165 




1.66X10-B 


10 8 

1.00 

610 0 



J4.4 

J .32 

810.0 



18 0 

1.65 

1000.0 
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EffnpLivo lonil lii m(J:. 

Fig. 2, Ponailivily and accumcy oF the balance a.s sbowu by iho vai'iatjoti oF 
the bnlaiiciiig current with offecbjvo lead at tlio end of tbo beam 

It iH c)l)Horyr(l tliat tlie ri'latioji bctvvec'ii loico ainl balaiuan^ curmit is 
a linear one It i,s further obserNed that Avitli th(‘ jnesiait arrangement the 
Keiwitivencss (ibtained is about 1 .05 v KM gm/iniero-ampere 
CaUhrafion and Sittndaidisnijnn . 

L(‘t a sani|)lo ol mass and volinn(‘ i\ attached at the (‘nd of t]](‘ suspension 
system of the balance OAperK'iuje a magnetic lorci^ Fj l)alan<!(‘d ])y a current 
and F.^ and l)e ibe coirc'sponding force and c.urient wluui tlu^ above specimen 
IS [ilaeed by a standard specimen of mass and volunu‘ tlicii 

F^ I’l 

Avhere and are tlie A^oJume suscejdibjhties of the specimen aufl tlie standard 
substance respectively, tl\ai of the medium in which the sam])le.s are plaiied 
which is generally air, provided tlie volumes are comparable and such that 

over them is constant Tlie mass susceptibility of the specimen will then 
d.v 

he trivcii bv Vi ^ — / A'!.——" ] H where is the density of the sjieciinon 

L Pa/ fh 

X>i and p., arc the mass susceptibihty and density respectively of standard sample 
= ,028x ^ X i0-“ at T" absolute For the measurement ol para- 

magnetic susceptibilities pure erysials of chromium potassium alum have been 
taken as the standard substance because its siisccptibdiiii's at different tem- 
peratures have been very accurately measured here and elsewbero (de-Haas 
and Gorter 1929, Mme. Serres 1932, Dutta Koy 1958). 

5 
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Mean gm. molecular suaceptibility of chromium potassium alum taking the 
average of these values is given by Xm — 60H0.5xl0~“ at 

In the ease of diamagnetic samples, conductivity water is taken as the standard 
substance of which mass susceptibility x ~ -7225 X 10“® at 30°C. 

In order to check the reliability of the balance a number of measurements 
have been made for paramagneties with pure crystals of ferric ammonium alum 
(cubic) and NiHO^ . bH^O (tetragonal) grown from aqueous solutions and for 
diamagnctics with pure (jrystals of sodium chloride and potassium chloride (both 
cubic) obtained from llaishaw Chemicals, (USA) Tlic detailed results of 
measurements are given in ilie ad]oming tables (7\ables 11 and 111). j 


TABLE II 

Paramagnetic Samples 


Mush, dmiRitv und Bolii MiigiioionH fi|. 30 n"TC \ 

balancing Mrhr ruhcc])- of imkiio-\vri HubHtanres ' 

Substain c cuiTont tibilily 

•■(irroctod fur Piesenl. valuo Earhoi values 

pull on caiTK'i c g R,e m u 


Chromium potu- 1088 gm 114 81 (OultaRoy 

8fluim alum p — I , 842 gm/cu 11 678 a(, 300 8"K 1958) 

(sliandard) 'i = 77.0 g A. 35 (iSjnn only valuo) 

Ferric nmmoniuTii in— 1000 gm 34 79 (Orinos und 

alum (imlcnown) P— I 724 gni/oc 28 89 at 306 8“K 34 80 Ooslerhuih 1920) 

t-175 2. (A A 34 78 (Mitra 1963) 


Chromium pota- m= 0680 gm 

ssium alum P = ] 842 gm/cc II 727 a( 305 

(Staiidai'il) 1 — 51 0 |x A 

NiSOi,6H:,() '/a-.l220 gm 

(along tetragonal p — 2 080 gm/cc 14 598 a1 305.5''R 
axj.s) (unknown) i— 114 5p A 


{) 687 (Dutta Roy 
1 958) 

9 656 (TMf)oklioii |oo 
1946) 

9 677 

!) 701 (IMitra 1963) 


TABLE III 
Diamagnetic iSamplcs 


Substance 

Mass density and 
biduiicemg current 
corrected for pull on 
carrier at 30“C 

Mu..sh buseopti bi lily 

X X lO*' c g.B.e.m.u 

Eaibcr values of Mass 
susceptibility 

X X 10*'. c g s o.in u 

Watoi 

m~-- .1232 gm. 

P ~ 99567 gm/cc at 

so'-c 

4-105.3 |i.A 

7225 at SOni 


Crystals of sodium 
chloride 

m— 1360 gm 
p ~ 2 . 1 05 gm/cc 
4=85.0 g A. 

6186 

6183* 

Crystals of 
patassium chloride 

m= .1198 gm 

P = 1 .984 gm/cc. 

7, = 75.0 P.A. 

5228 

.6230* 


♦Tables de oonstantos ot domioes numeriquos 1957, Edited by G. Foex et al , Vol. 7, 
“Diamagnotieine et Paramagn^tisme”. 
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Concluding Remarks : 

The lover arranjjenient. lor luagniiieation of tlio (iofloi tjoiiH rould bo replaced 
by some oilier arrangenuMit Ruch as a balaiKiod phoio-cell s;\'stejii Mitra vl al, 1903 
but since this is not. easily available here 'we are to remain content with the present 
system which is quite simple yet voiy efficient 

It woidd be interesting to mention in this coimection that the present arrange- 
ment can easily bo utilised \vith slight modification for tlie measurement of magnetic 
anisotropy and inaxiimiiii absolute Hiisceptibilities in the horizontal plane of a 
single crystal with the same setting Only extra arrangement that i,y necessary 
is lor giving a verti(;al motion of the magnet by jack-screw so as to bring the crystal 
in the homogeneous jiart of the iSiicksmith type pole gap and to providt* a rota- 
tion of the magnet about the vertical susjiension axis so that the magnetic couple 
may balanced against the torsion of the filire. From this tin* anisotropy is cal- 
culated For the susceptibility the crystal is jdaced in the (sentre of the inclined 
parts of the Sucksmitli gap as already explained. The arrangonient is in course 
of being set up in our laboratory and the details of it Avill be jiublishcd in due course. 

A C K N () W L K I) (; M E N 'J’ 

'Phe authoi is gratelid to Shri A. K Dutta lieseaKili Officiu’ for Ins sugges- 
tion and guidance and to Professor A Bose for his constant interest in the work. 
Sincere thanks aie also dm* to the Workshop stuff of tlu' Association for cons- 
tructing th(‘ apparatus efl[i<‘ien1ly 
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ELECTRICAL BREAKDOWN IN SPARK COUNTER 

N, K. SAHA AND S. L. GUPTA 

Dbpautmknt or Pin’-sirs auu AsTnopHYsios, UNivi'UiaiTY or Delhi, JJELiir-n. 

{Reccimd, ySciUemhRr 11, 196:i) 

ABSTRACT. iSparlt counter voltage jjijIhos duo to ,s]mikh ])rodiiCL5d by Po-JOa-paiticloH 
in almoKphorie fur -were jiliotogiujihod on. a Toklnmix 511 1 -A OHcilliiHcopo using a, Iasi qdonch- 
ing eireiiit of IlC-B iih. Photographs taken at sliort gaps {~J mni) confirm tlie oorulToiioe 
of apafo-eluirge lypo of sjiaik breakdown through stiofimer foimatiou bj?^ iJie sujinrposod effect 
of a largo number of election avalanehoH eioated by^ an n-iiaiticle Al large gaiis ( — B lo ,10 
min), no siuiik breakdown occurs and oidy the }>rimaiy oloctioii ])u1soh are observed. This 
is understood in tlio light ol the highly noii-un dorm elorlne field fiiiid tho corona zono iicaryho 
wire in the sparlc count ei- goometiy Some hnoi details ol the pulHO-forms at huge gafis and 
the possible eflbct of negative ion formation are also discussed. 

r N 1’ li O D U C T T 0 N 

Miiiiy ])Ju‘T)()nu‘ii()logi(‘aJ pro[)(‘iiic.s of ilic .spai'k (‘uiniter Inuai sLtidicd 
(Ooinu)i', 1052, 1052, Saha and Nath, 1057, Kawatii, 1061) and a lunnhoi 

of [iractical apj)li(!afioii,s (F'leiiiy, 1050, Gupta and Salui, lOhl, Gup^a and Saha, 
1002) of th(‘se inadi’ Not nmth Avork Jias, however, been done so far to iinder- 
staiid Mie liasie uieohanisin ol the s[)ark breakdown in Mk' counter. TIic spark 
hieakdov'ii jiroeessi's in gasc's under oviM'volted parallel ])la(i‘ gaps have Ix^en cx- 
tensividy studied liy llaciher (1001), Loch (1050), Meek (105;}), Penning (1057) 
and otliers (Pfaue and Jlaether, I05il). 'rhe proeess(‘s in the spark counter are, 
however, couiphcLaied by the strongly non-lioinogeneous i‘l(*otrie held in the wirc- 
to-platc geometry and the existenci* of the dtuisely charged corona zone near the 

Anode 2“2 JkV 



Kig. 1 . (Schematic diagram of .spark counter and tho differentiat ing pulse divider. 

wire (Fig 1). It ].s, therefore, important to study 1-he specific itrobloms in the 
spark counter in the light of our existing knowledge in the homogeneous field, 

590 
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Electrical Breakdown in Spark Counter 

All organic vapour or gas between Wo parallel plates under a steady potential 
hIiows two distinct types ol electrical breakdown processes (1) the Townsend 
regenerative gas discharge, (')/-])roeess) and (2) the space-charge brcakdowui by 
streamer formation (Fig 2). The lormei' is caused by generally strong cathodic 



Fig. 2 (a) 'I’ypn'al forma ol Townaoncl logenoj'aiive dihcbargc [inlsos, 

(&) Spaoe-chttrgo broalcdown iiulaes. 

secondary electron omission in gases with large satisfying y(r«'' I ) F 

(‘Ven though single primary electron avalanche f’“‘^(a — ilu' Townsend first e,oefli- 
cient, d — ga]) huigtli) lie's W(‘ll bc'loAv JO" electrons. In gases with smallei eleclyi'on 
emission, a senes of secondary electron avalanches may eventually [iroducc* large 
space- (;1 large accumulation and lead to space-charge liK'akdown In the second 
juoeess (2), a single eh'ctron avalanche must carry ^ 10" (dc^eti-ons and jirisitivc' 
ions, gcmcu'ating strong spacc'-charge field (iic'ar the anode), wdiich in turn sed-s up 
conducting elec tron sti’i'amers c'xtending across the entire gap (Ijoeb (d at , 104S, 
Locb, 19[)5, llaethcr, 1059) and causes sjiark breakdoAvn This Avould take place 
readily in gases Avith poor under sufficicuitly overvolted gap and much 

earluu' than the process (1) could occur. 

We describe lielow results of our preliniinary study of the structure of tlu^, 
electrical potential pulses produced af. the sjiark counter cathode by a-parfacl<^s 
in atmospheric air using a last cjiicnching circuit (R,(l'-w5ns) as shnwui in Fig 1, 
and photographed on a Tektronix 531 A oscilloscope Nine different gap lengths 
beWeen 0.5 mm and 30 mm w'ere used The rc'sidts sLrongly suggest a space- 
charge type of breakdown taking place at short distanccis under the strong non- 
homogeneous electric fiedd existing. It si^cuns that although the single electron 
avalancdies in the small gaps used do not exceed 10^- 10'" electrons, sujier position 
of the avalanches in time and space due to about 10“^ to 10^ electrons released by 
an a-particle within a feiv nanoseconds enlarges the avalanche due to each a- 
particle to ^ 10" electrons. The condition for space charge breakdown by 
streamer formation is tiius set up. This view is supported by a rec.ent work of 
Schlumbohm (1962) on the a-particle spark breakdown of gases in a homogeneous 
electric field (pubfished while this manuscript was under preparation). Only 
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a qualitative interpretation of the niechanism is attempted by us for the present 
in view of the complications introduced by the non-homogeneous electric field and 
the corona i)honomenon. More measurements with better defined conditions 
would be required for a quantitative understanding. 


TT110 OS C I J. LOOK AMS AND EXl’LANATION 

In our previous work.s on spark counter, only small wire to plate gap ('-^1 .5 mm) 
was used. Here for large*, spark gap (upto 3 (uu) an additional provision had to 
bo made for applying steady D.C. potential up to 20 KV with fine adiustments. 
Atmospheric, air at about and 40 per cent R H. was used. The spark gaps 
‘d' chosen Avm*, 0 5, 1.0, 1.2, 5.0, 10.0, 15.0, 20.0, 25.0 and 30.0 mm. The poteni 
tials across the gap.s were adjusted respectively to 2 0, 2 6, 3.0, 4.4, 7 5, 9.6, 12.5i 
16.0 and 20 KV. such that they wore approximately 200 V above the threshold' 
of the sparking with a-partieh‘,s in each oa.so. Without the a-particlos, the counter 
showed zero liaiikground over long hours. 

The ph(jtographiS of the potential pulses across the series quenching rosist()r 
(R~100 q), were taken at each of the gap lengths. These are reproduced in 


\ 


\ 


Figs. 3 and 4. 



Traces 3(c) & 3(d) 

Traooa a, h and c arc at gap lengths ‘d’=0.6, 1.0 and 1.2 mm respectively, using oscillos- 
cope sweep speed— 0.1 /xsec/om and vertical sensitivity =10 V/om. 

Trace d is at 6 mm gap length using sweep speed 0.1 fi sec/om and vertical sensitivity 
=0.5 'V/om. 




Electrical Breakdown in Spark Gounter 5()3 

As explained utulor discussion to we suggt^st the folloAN-ing interpre- 

tatioii for tho observed pulses : 

1. In lig, 3, photographs a to c, the space-charge typo of aj)ark breakdown 
is occurring witli streamer formation preceded by a critically large primary ava- 
lanche ^ J0“) electrons) produced by a single a-particlc 

2. At the sinalli'st gap d = 0 5 mm, trace (a), the primary electron imlso is 
not resolved over the oscilloscope as it is almost inHtiint‘r\n'''n^l'' overtaken by 



Traces 4(g), 4(h) & 4(k) 

4. Traces e, f, g, li and k are at gap lengths 'd’= 10, 16, 20, 26 and 30 imn. using sweep speed 
0.1 /iseo/om and vertical sensitivity <=0.6 V/om. 
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the strong streamer breakdown pulse. At the gap d = 1.2 mm, trace c, the pri- 
mary el(u;troii pulse is clearly resolved first and this is followed by a streamer 
breakdown pulse after a time delay of about 100 ns. The trace (b) indicates the 
transition between (a) and (c). 

3 At d 5 mm, the trace obtained (d) shows clearly (on a largiu vertical 
sensitivity of tlie oscilloscope) the primary electron component of the pulse, but 
there is no trace of any spark breakdown uji to about 700 ns. In fact, it never 
o(;ciirK even when observed on a much longer sweep speed 

4 In Fig. 4, traces e to k, a close examination of the traces show.s a siiiall 
(‘leclron component of tlie pulse pieecding the mam eliMdron (ioiiiyioiicnt. Tlie, 
latter gradually devtdops in amplitude and resolves itself more and more from tJic'i^ 
.smaller imlse with mcrea.siiig gax) length. The smaller pulse comiionont seems to 
arise from the lu'iniary electron avalanches within the corona legion whieli has 
I'xteiided considerably at higher gap Icngtiis. 

There is again no sxiark breakdown occurring m these cases, 

5. Ill traces c to k we find alongside the main election component inilse a 
gi-adiially dcvelojmig hazy and dl-foeused broad jmlse occuiTiiig at an inere.asing 
time delay from tlie mam electron jicak. Its amxihtude has been found to lie 
strongly smisitive to overvoi/age of the gap. We suggest that the broad pulse is 
due to the secondary avalanclies produced by ekictroiis released from the.negative 
ions of oxygen (0^") formed by elcctrcui capture. 

1) I S V, IT S S I O N 

(li) EshtnaHon ({f electron avakinchf' size 

The earner miuibi*r in tlie primary electron avalanche should now he 

1 ‘stiinatcd in order to justify our projioscd exjilaiiation of the space-charge break- 
down xjulses Values of ajj) over a wide range of Ejp values in some gases 
(Sclilumhohm, 1959) are known, but tiioy are hardly useful in our calculations 
lieeause of the strong nou-imiformity of the electric field and the ju’esenGe of the 
corona region. We know, however, tliat in a pulse circuit where the potential 
devTlf)i)ed acioss the external resistance ('-^lOOo) does not extend beyond a few 
times T_ (the electron transit time from the cathode to the anode), the time rise 
U of the electron potential pulse U{t) at any instant t is a measure of through 
the relation 


Gd*U, 


( 1 ) 


= 0.7 X 10“ad*, 

taking C = 5{)pF, v_ — 5x10’ cm/sce and U m Volt/ns, where C is the total 
capacity of the discharge sjjace, v_ the electron drift velocity, e the electronic 
charge and d* the remaining gap length outside corona. 



596 


Electrical Breakdoion in Spark Counter 

The values of estimated by taking U from our oscilloscopio traces for d — 
0.5, 1.2 and 5.0 min are shown in Table I, taking d for d* approximately. The 
acGuraey of the values calculated is limited by the rise time of the oscilloscope 
(^20 ns/ein), as well as by the faiit that wo have used same v . for all the gaps, 
which may not be strictly correct. Even allowing for -^20 per cent uncertainty 
in the calculated values, their striking regularity with tbc gap length is remarkable. 

TABLE I 


d~> 

0 . 6 nun 

J . 2 mm 

6 0 ram 

Uobs 

50 V/lOms 

3 V/20 ns 

0.5 V/CO m 

neenjr- 

] 7x100 

1 2x108 

~3X 107 


The avalanche juagiutude comes out to be just critical ('-^10®) for streaincr 
formation* at d — 1.2 mm. Aid ~ 0.5 inni, very much exceeds the critical 
value, and that is why tlui very last spark breakdoAvn pulse occuJTJug hero over- 
laps the prunary (doctron jnilse Finally, at d — 5.0 mm, falls beloiv the critical 
value, and no streamer lireakdown o(5curs here at all Tlie reason why the % 
value should fall Ixdoiv tlie critical value above a (sertain ‘d' must lie clearly in the 
electric liold strength JUj.* prevailing at a distance r*, i.e. just outside the corona 
region, at large gaps and the offectiA''e distance within d* over which the gas aiuidi- 
lication takes place (see section iii of discussion). 

{ii) The streamer delay time 

The time duration retpiircd for a visible potential rise to occur duo to the 
streamer formation can be measured by the tune delay 'I'a of the point 0 from the 
near saturation point B of the primary electron pulse (Irig. 5) on the osoillo- 



Fig 6. Typical pulso pntontial variiitioii wiUi tunc defining the puluo clminrioriHticH. 
AB=ri.inB primary electron pulse, Bfl=platoau region, CD-rapidly rising spaco-rharge 
breakdown jmlse. 

•Bttotlior (l‘J5») tm.s re™u% -liown Ihi.t tho prcbability of Btroianei formation pMses 
throogU a mommum, when n, > lb" Ha.o tho .noreoBo ,u tho oloctron numbor 
1 . 0 . there in an over exponential growth. 
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auope tra(;e. TJiiB is an important characteristic in all the streamer phenomena. 
The time constants and r*. are the other two pulse charactcristicis defining the rise 
time ol' the primary eletitron pulse and the spark breakdown pulse respectively. 
In genei’al Tg ux)uld be only a few nanoseconds and much shortei' than Tg , on 
account of the rapidly rising streamer at (K The delay time Tfi depends strongly 
on the saturation (plateau) jiottaitial (Scjhlumbohm, 1962) of the electron pulse 
U^. As t/_ roaches tlu^ vaJiu* corresponding to the primary avalanche magnitude 
c**' ^ 10”, a certain mimmiim positive ion density n_^ is attained and the space- 
cliargo field is strong enougli to generate secondary electron avalanches due to 
gaseous photo(‘le<lrons (ne,ar the anode) Tliesc are at first too small to give any 
observable potential rise, but as time goes on, more and more space charges accu- 
miilait'!, till tlu^ time T,j has elapsed, when the streamer potential starts risiiiig 
visibly above the i)laLcaii. Since is governed by tlie exact moment of sulfi(- 
cjeiit spa(!e-(^llarge acjcuiiiulation, it may have a largo statistical fluctuation 
(hVankc, lyOO). Besides this, has been found to dei)end on the formation of' 
negatives ions in certain gases (tSclilumbohin, 1962) and the state of the overvoltage 
(Sclilunibohm, 1902) across the gap. 

Ill our photographs, a systematic increaso in the delay time from zero to a few 
nanosecond at 1 nun and then to ^100 us at 1.2 mm gap is noto-wortliy. This 
may arise due to a combination of various causes mentioned above ])(Iany more, 
pliotogcaphs c)t the imlses at (‘ac.h gaplongtb may have to be taken before assigning 
a definite reason to the delays, although a strong (jorrelation of with the gap 
leiigtli suggests itself, pcrhaiis due to tlie gradually weakening field outside the 
corona region from 0.5 to 1.2 umi gaplongtb. 


(iii) hifluence of corona on the electric field distribution 

We Jiavo so far disregarded any possible influence of the corona foniiation 
on the spark counter action In reality, the corona seems to play an important 
role and is something peculiar to the spark counter geometry where a very strong 
electric field normally exists at the anode wire surface and the field falls off rapidly 
outsidi' 

In the atmosiilicnc dry air the corona sets in at an electric field strength 
^ 30 KV/cm. A i)art of it goncrally contains feebly ionised invisible air molc- 
(uiles, and a visual corona of almost fully iomsed gas sets in at a liigher field 
strength ^ 50 KV/cm nearer to the wire. The corona produces a strongly 
stabilising effect on the electrostatic stress between electrodes by increasing the 
Mure-radius virtually to r*, the extension of the visual corona, because the field 
outside tlie corona is substantially lower than the original field strength at 
tlie wire surface itself, and the chance of any electrical breakdown is there 
fore reduced, 
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In the cylindrieal ^vire-^o-plate Kyfcstem tlie field stroiigth at a dtstajiiio x I'roni 
the axis of tlie wire of radius r at a })otential Vr is given by 


A’ ^ r 

.r{2c/„— .r) 

where ™ distanee ot the cathode (at zero potential) IVoiii the Av jre axis. TJic 
field strength or E^* is iiiaxinmiii at thi^ vire surface and is obtaiiu'd by substi- 
tuting a; = r or r* in (2), according as we take the rr'al or the virtual radius. 

To calculate rouglily the possilile gas multiplication by electrons outside 
the corona, wo have evaluated the electric field strength from (2) lor Uvo gaj^ 
lengths = 5 niin and 20 nun at various values of .r A visual corona (^vtension 
dianuiteu's (/'*~0.2 mm) is assumed for r/(, 5 niiii and ^>->5 >vire 

diameters (r*'-^0.li min) for 20 mm (from rough eyi* estimation). 

The results of calculation are showm in Fig fi It will lie seen that For 
dfj = 5 mm, the electric field strength falls below 20 E I'^/cin at r > 0.5 mm, and 

1C6KV 374KV 



Fig. 6. Klootric field BtrengUi for two gaplengiks rig = r» uud 20 mm. Full line denotes 
the calculated field strength ooirectod for corona and the dotted line denotes the 
uncorrected field strength. 

for do = 20 mm, the field falls below 25 KV/cm at a; > I mm, so that beyond 
these limits of x, the field- strengths are not generally sufficient for gas multipli- 
cation and may be left out of account. 

The Townsend first coefficient a(x) varies strongly with E^ and can be roughly 
taken from Schlumbohm’s (1959) data. By Di graphical plot of a (jc) against x 
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over iJio effeeiive field region, the average value of otd and the corresponding gas 
multi] dieation faetor 6“*^ are calculated and bIio'wti in Table II. Assuming that 
an a-parfci(‘,lc releases on an average about 1000 electrons in the effective field 
regirm the total gas multiplication will bo about 10^ and in the two eases 
rpsj)eetively. These are considerably below tlie critical value of 10'^ required for 
streaimu’ formation. The absence of spark breakdown at large gap lengths is 
thus ipiahtatively undcrstoorl. 


TABLE II 


do 

corona 

oxtonMion (r*) 

JS?r+KV/cm 

Averaged 

(ad) 

{OLd)av‘ 

e 

Ci mm 

0 2 imn 

66 

‘A 6 

iO'i 

20 mm 

0 . rt nim 

57.0 

8.2 

lOi-G 


It is (?lear from the above two typical cases of field oabmlation that the increas- 
ing extension of corona has a greater stabilising effect on i-he ('lectrical field outside 
it. in tliat the field distribution in the gap lends more toAvards homogeneity. 
As a result, the value of ad over the effective field region increases Avitli gaj) length, 
giving higher gas multiiihcation e“^. 

There is yei. another imjiortant consequence of the corona phenomenon whicjh 
is prominent at large gaps The normal corona region is almost field free on 
account of strong jiositivc ion density existing OAmr this region. As an a-particle 
enters the corona region, it releases a large number of electrons very close to the 
wire which inomeiitarily destroy the normal corona effect and huild up a strong 
field close to the wire. This may exist for a very short time during which the 
electrons are all collected at the wiie and the corona is reestablished. There is, 
therefore, a weak ciorona electron pidse of fast rise time having a long plateau, 
from which eventually will start the main primary electron pulse from outside the 
corona. The latter may be delayed considerably (upto'-^lOO ns), because during 
the transition period of the restoration of corona, the field strength at the corres- 
ponding points would be much weaker than what would have been with the corona 
fully established (Fig. 0). The plateau length ^^nl\ depend on the extension of the 
corona region which increases with the increasing gap length (traces e to k). 

This is, therefore, another form of the space-charge effect induced by the 
a-particle within the corona. It shows itself by a two-step appearance of the pri- 
mary electron pulse, as is clearly seen in our traces from e to in Fig. 4. 

In small gaps up to d = 1,2 mm, the corona extension is very little and the 
average electric field strength extending up to the cathode outside the corona is 
stronger than at higher gap lengths. The corona electron collection is therefore 
much weaker and faster (may not be observable at all), whereas the main electron 
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component be much stronger, and may merge into ihe corona piilHC, as appears 
to be the (sasc in Fig 3 (traces a to d). 
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DATING OF SOME NUCLEAR EXPLOSIONS FROM RADIO- ' 
ACTIVE FALL-OUT MEASUREMENTS IN CALCUTTA 

I 

SITSHIL laiMAU DA8, M. DEB ROY* and S. D. CHATTERJEE ■ 

Dki’ajitment oif Physics, Jahavpuii Univehsity, Calcutta 
{Received for jmblication, September 11, 1063) 

Mcasiiroinonts ol' ilie intensity and nature of radio-active fall-out has boon 
systematically (;arried out in our laboratory since the inception of the last nuclear 
test series. During the course of our investigation, numerous samples of radio- 
active fall-out \vor(‘ collected both from rain-borne dusts and from military aero- 
planes making routine flights iqito altitudes of about 40,000 ft. The samples 
having high specJfic activity were nonrially used for determining the dates of 
explosion, tolloving the method of Yamasaki and Kaneko^ as discussed below : 

Tt is well-known that the gross activity of fall-out due to an atomic explosion 
is given by 




... ( 1 ) 


where /„ is the activity at th(i end of unit time (say one day) after the explosion 
and It IS that after 'f days, and ‘n’ usually takes a value between 1.2 and 1.7*»®»*i^. 
Since the date of explosion T(, is unknown, the measurements on the samples are 
made on dates and T^' giving activity /j and /V Then, 


and 


/i - ” .. 


... ( 2 ) 


where i.e. the time elapsed from the date of ex- 

plosion. 


Squadron Loader, KaJaikimda Air Station, West Bengal. 

eoo 



Lette'f to the Editor 


601 


Putting T\—T j = — T^, wc obtain from equation (2) 

( 3 ) 

and if we take T\ so that tlie ratio f i/f/ becomes (‘(jiial to any value K 
(say 2) and repeat the same procedure at least once unu'c' and determine the 
dates Tg' for any arbitrary and so on, satisfying the i elation 
obtain a straight line on a T—t diagram Its slope gives the value of 'n\ and by 
an extrapolation to t — 0, wo can find tbe date whine i = 0, i.e. Tq 

The actual procedure is to measure the //-activity of a sample from time to 
time, and the counting rates thus obtained are plotted as a function of tlie date of 
measurement on a scmilogarithmic paper as shown in Pigs 1(A) and 2(A). Taking 
as the initial count corresponding to any arbitrary time (date of initial 



Date Dale 

Pig. 1. Tlie detenmnaiion of I,n and Tm 2) The dotorininalion oi' 


measurements) one measures I\ (equal to, say J /^) and determine T\. 7\ and 

Tj^ = T\—Ti are thus obtained. Repeating the same procedure, and t.,, 1\ 
and T3, and so on arc obtained. The values of V’ are iilottcd as a function of the 
date of inoasuremcnt T’ on a graph paper as shown in PAgs. 1(B) and 2(B). 
These plots should lie on a straight line so long as 'n remains constant tliroughout 
the measurements. Then the straight line is extrapolated back to and the 
date of explosion Tq is found. 

The results of two typical cases arc given below, one of which (ease 1) eorros- 
poiids to the French tost in Sahara on 13th February 11)00, while the other (case 2) 
relates to the Russian ‘50’ megaton Hydrogen Bomb test in tlie Arctic region 
on 23rd October 1961. 
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Case 1 

Thu Haraple wan collculecl on 3()tli January, 19G1, Pig. 1(A) shows Uie decay 
curve plot of /y-activity measurements extending over a j)eriod of about seven 
months. The date of explosion has been determined from the plot in Pig. 1(B). 
The extrapolated date of explosion in tliis case has been found to be 12th February 
1960, while the actual date of French test in Sahara was 13th February 1960. 
The value of ‘n' in tliis case has been found to be 1 .2. 

Case 2. 

TJie sample was collected on 3rd January 1962. Fig. 2(A) shows the 
decay curve plot of //-activity measurements extending over a period of about 




Fig. 2. Tlio dotermination of Jni and (Jmllm —2) The determination of To 


six months. The date of explosion has been determined from the plot in Fig. 
2(B). The extrapolated date of the explosion in this isase has been found to bo 
21st October 1961 , while the actual date of Kiissiaii ‘50’ Megaton Hydrogen 
Bomb explosion was 23id October 1961. The value of ‘n' in this case has been 
found to be 1.3. 

It is interesting to note that tlie /^-activity of the radio-atdivo debris from 
the Kussian Megaton bomb explosion, as shown in Fig. 2(A), exhibits a rapid rate 
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of decay while that from the French atomic bomb as shown in Fig. ](A), exhibits 
a relatively slower rate of decay. 

We are indebted to Air Vice-Marshal K. L Sondbi, Air Offiei'r Commanding 
in Chief, the then Eastern Air Command, for giving us every facilities to attach 
our equipments into Fighter pianos in order to collect the radio-activc' dust sanqiU'S 
over Calcutta. 
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AN X-RAY STUDY OF RUTHENIUM BIGUANIDE SULPHATE 

K. N. GOSWAMl and SANKAR K. DATTA 

JnDIAU AhHOUIATION FOK THE CULTIVATION OF SoiENOE, OaLOUTTA-32 
{Received for publication, August 9, 1903) 

Biguanido (ioiiibincs will) many elements of the transition senes to give highly 
coloured chelate complexes of the inner- metallic type. Though the complex 
compounds of higuamdo Avith copper (II) and nickel (II) were described more f-han 
tliree quarters of century ago, their structure forms a subject of controversv to 
the present time and a number ol possible structures (Itay, 1961) have been 
pro[)osed. The crystal structure of ruthenium salt of biguanide Lf^u(02lf7N^)3]g 
(804)3- 7 HaO (Sen, 1962) has been undertaken in order to determine l^he 
nature f)f metal- biguanide bond 

A sample of ruthenium biguanide sulphate was kindly made available to us 
by Dr. D. Sen, Department of Inorganic Chemistry, Indian Association for the 
Cultivation of Science, Calcutta. Crystals were prepared by slow evaporation 
of hot aipieous solution. The crystals were needle shaped, brownish yellow 
in colour. All these crystals have developed the forms {100}, {lOi.} and {001}. 

The parameters of the unit cell were determined by oscillation and Weissen- 
bergphotograplis using CuKa radiation Tlie crystals were dusted with 
aluminium powdei so as to standardize the rjidms of the camera. 

The parameters are : 

a = 20 26A a- -02 

h = 11.65A ± .05 
c = 22.191 ± .02 
fi = U7”48' 

Systematic extinctions were observed for {}iol) when I i- 2n, and for {oko) when 
k i=^ 2??.. The space group was therefore determined as This space group 

has four fold general positions and consequently one molecule of the chelate forms 
the asymmetric unit. 

The density, obtained by flotation method in a mixture of Carbon tetrachloride 
and bromoform, was found to be 1.755 gm cm~*. The calculated density for four 
molecules per unit cell is 1.754 gm.cm"®. Further work is in progress. 
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ON THE MEASUREMENT OF SPHERICAL ABERRATION 
CONSTANTS OF THE PROJECTOR LENS OF AN 
ELECTRON MICROSCOPE 

N. H. SAUKAR ANB D. N. MISHA 

JBjoniYHic's Division, »Saha Institutjc of Noojj.au riivsics. 

Calcjotta-D, India. 

[liccevved Apul 4 , 1903 ) 

ABSTRACT ol tlio jmijocloi' knis ol SieineiiK Elmiskop 1 was CMlibial-od 

nt its (lifforonl. ox(ilnlion faioip;y wiih Muf liol|) of a pirating rafdica of IvIKjwii spiiciiig P'rotn 
Mio moasmod ladii n( tho imagos c>{ thn aportiiro fil.iod to l-ha pioiactor Umis, ilia si)liaiit'id 
.ibGiiatioii (KMistLmU ol Iho Ions at its (idloront uiagnda atioits woio dolpriiimtHl, aial ('oiii]uu'tul 
with teimilar valuoB of othor woikevs 

1 N 'r R t) J) U f! T J 0 N 

Jl JK tvcll known UiJit in tlic elootion iui(!roH(/0|K‘, ilu* .spJiciTcal abornition 
of tlip projector l(‘n.s gives nsc to distortion ol the final inuigiN spcciiilly at low 
iiiagniliiiation (Zwoiykiii H al, D)dS). Jii tlie prcsoiit piijxM’, a inctliod is ditsci'ibod 
by iiicans ol wliicli tlic sjilicrkial aberration constants ol a tyjiical projector lens 
has been ovalnated froni a nieasiueinent ol the distortion pnssent in tbc linal 
image. 


T H E 0 R E T I C A L C 0 N S 1 1) E K A T JONH 

Let us <ionsider a siiupldied ray diagiain shown in Fig. L when' L represents 
the projeetoi lens, MN Ihe inliTiiiediate linage lornied in Ironl. ol the [irojcelor 
lens by the objective lens, and 8(1 is the linal seieeji or plnd-ographie jilate II 



Fig. 1. Schematio diagram (not m scale) of imaging pencils showing tho olJoci td sjihorical 

ahorratioii 

6(15 
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ilui jnojecior lens were free from spherical aberration, all axial as well as marginal 
rays from MN wliicb are jiarallel to the optic axis, would pass through the focal 
point of tli(“- lens Hence the obiect point M would have Q as its image point 
on the Hcit*en But due to spherical alierration of the lens L, the marginal ray 
MA w'^oulfl cross tlu^ axis ai F which is iu‘arer to the lens than Fq Tims the point 
will be really tlu* image, ol M and QQ' will be the amount ol distortion of the 
point Q. From Fig. 1 

QQ’ = PQ’—i*Q — tan ol—PF^ tan a„ 

[PF,yV^Z) • OAIOF-PF^ • OAjOF^ 

^ (F /I AZ) ■ - (F-/) 

= »-a [ ] (l+ ) -(!'--/) • , as AZ </ 

^,vaz.f.^,vaz.f^.^az 

il »1 ... (1) 

where is tlie radius of th(‘ ajierture fitted to the projector pole jiiecc, V is the dis- 
tance of tlie Hcj-een from th(‘ jiole piece centre, Mp is tJie inagnilication of the 
projector Iruis Hen^ Ai5 is the amount of longitudinal spherical aberration, which 
can be expressed, according to Liebmann (1949), as 

AZ-6'.. _ ... CT 

Avhere C'g is the spherical aberration lumstant of the lens. From the equations 
(1) and (2), the amount ol distortion is given by 

... ( 3 ) 

Now, till' focal length of a projector lens is given by 



/=F/(3f„+l)= ^ 


(4) 



007 


On the Measurement of Spherical Aberration, etc. 

Thorolbrc equation (3) can ho Avritten a-s 


Ihe metliocl underlying tlu^ ineaKureinont ol r7 is as lhllo^\s Let the illuinmated 
circle in Fig, 2 represent tin* image of the apoHiire litted \\’itli the projector jiole 



Fjg. 2 A lypii’al uiicrogrHplj ol a grniing j'yj)licu 

piece. The lilies thus projected within the illuniinated cncle are the rulings of 
a grating replica whose mean spacing width W is known H X, the width of the 
central spacing in tlui inierograph, he measured, then 

... ( 6 ) 

and My — M 2 ,JMq ( 7 ) 

where Mj,, My and Mq are the total, the projector and the objective lena magni- 
fications respeotively. Hence the aberration-free radius of the projector aperture 
in the micrograph should bo given by 

Ro = ra-Mp ... ( 8 ) 

If the radius of the aperture as measured on the micrograph bo E„, then the amount 
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of (listoi 1,1011 d, fit tin* ])rojecior lens magiiifirjiiioii Mp and tor the aporture radiun 
is olivioiisly (.'xjirossod as 

d.= R,~R, ... (9) 

HoiK-o, working With an aporturo of kiio\ni boro radius and knowing the 
distaiK'O of l-lio sc,r(‘on fioin tho pok' piooo oontio of l,bo projector lens, the jirojcctor 
linis niagnilication il/^ and tlie corresponding distortion d, the spherical aberration 
constant (\ of tlic^ lens (;aii be lound out with the help of ecpiatioii (5). 

Jjf X P E ]t 1 M E N 1’ A L M K TROD AND 11 E SUETS I 

A grating iTplica of known grating constant ivas chosen as the olijc^e-t and tne 
nneroseo])c‘ xcas ojicM'atc'd at bO kv at a constant objective lens magnification pi 
75 15X To test the iiriilornutv of the grating spacies, several micrographs w'ei\e 
taken witli different grating space at the centie ol the field of view at a constanf. 
magnificiation of both the objoctivo and ])ro)(‘ctor lenses From about 110 micro- 
graphs thus taken, the* widths of the grating spacings were'* found to vary within 
]~4 jier cent of the* mean value. Tlien a particailar grating sjiai-e was brought to 
the centre of the fi(‘ld of viciv and micrographs wer(‘ taken at seveial settings of thi^. 
projc'ctor lens eurremt, which were noted and are shown in column i in Table T, 
Since the olijecf. oc-caipies a vcMy small zone around the optic axis, paraxial imaging 
condition ilia’s' be assumed and the. images of the grating space in thi' cicntre of 
tile field of view may lie considered to be free from aberration The ^^’ldth of the 
ccmtj’al spaciings of thc' micrographs at the various magnifiesations wewe measured. 
Dividing thc'.sc' u'ldtlis by the grating e.onstant W, the total magnification Jigi of 
thc^ different micrograiihs were estimated, and by further dividing these total 
magnifications liy the objective lens magmficiatioii the corTc\sj)ondmg magni- 
fic;ations due to the jirojector lens Jlfp w'^erc* calculated as shown in column 2 of 
Table T 

Tlie l adii of the curcular c-ontour of the micrographs, taken at different 
projector lens magnific-atioiis, were measured and tabulated in column 3 of Tabic 
T With Ihe help of c'cpiation (8), the aberration-free radii R„ of the micrographs 
were calculated and cmterecl in the itli coliiniii of Table T, where, in column 5, 
Uie respective amount of disfortioiis as obtained from equation (9) arc also shown 
With fhese values of 31^ and d of thc columns 2 and 5 respectively in Table 1 
and with tlie fixed value of V _ - 307 ram and f\, ^ 0.1925 mm tho corresponding 
(Ig values wc^.re c-.alculated and tabulated in column fi of Table I 

DISCUSSION 

Tn tho literature, is usually expressed in terms of the jiule piece bore radius 
Jt as a function of thc^ lens excitation NT For the Imis excitation, henvever, a 
parameter is used where is given by 
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\di(Me NT is l/lic aniiKT(‘ lurns of tlir Ions \vl!l(lln^^ 0, ■ ■ (jA^ |()!)7S '10 'v/>) 
IS tlio Tolalivistiually ( tn ic'cic'd accolctat.in^ volta}i:(‘, and// is a iaclor which dc^jiciids 
oil |)o1l' pic'oc paraincicr viz boic radius H or lion* diaiiuder />, and spaciiif^ S 
Magnitudes of // for various vahios of HjD have been given bv Liebniann el. al. 
(1051), from whieb for our ease, with /) - 1 Oiivin. ,V --- I 0 nun, the e,orres[)ond- 
nig value of /y IS 0 00(), and since t.b(‘ lieain energy is 00 kv, ecpiation ( LO) can 
be written as 

-0 44S<lO-«(^/)" (If) 

The number of coils in our (lase is 12,050, hence from eijuation (1 1) In- values 'Weio 
calculated with different values ol lens current 1 (column J , Table T) For our 
case, the values of /c^, thus obtained, were plotterl against OJR (curve P), as shown 
m Fig. -1 wheie the computed values of ('g jR (curve LG) obtained from 
Liebmanii and (Irad’s (1951) data are also shown for comparison. 

(3 0NCLUSION 

It IS shown that the experimental values oi'tlgjR, represented hm’o, are consis- 
tently higher than the values of Liebmann el at. (1951), whose lesults are obtained 
analytically. However, at the maximum attainable value ol the projiudor lens 
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226 ^, tho amount of rliatortifui is S.l) per cent, whieh seems to be 
a very rensonabJcj value So, it jnay bo ooncJiided that, fivun the practiaiil point 



ol view, tli(‘ values of s])lieneal aberration constants at ddlerent magnifications, 
tlial. arc' reinTSCMited liere, may be uscmI with more' eonlidenee than f liose obtainc'-d 
analytically 

A C K N () W J. t: I) (,' M 10 N T 

'I'lu' authors are indc'hted to Prol N N Das Uiipta and Mr. M. L Dc* for 
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Scientific llesearcdi and (hiltural Affairs, Oovt, of Tndia, for tlu' award of a 
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ELECTRON CAPTURE BY He' IONS PASSING 
THROUGH He ATOMS 

1). M. JiHAT’i’ACHAHYA, S. (!. MUIvH KI’.J HIC ami N. C 811- 

JJErAimii':NT oi' 'J'ujioiir-TrcAi- T’iiystob, Inihan Association kou tum CIui/i'ivation 
01) iSCHCNOl'l, C)AaX'lJ'L'TA-32 

(AVxetwrf, October 21, 19(13) 

ABSTRACT. 'I’ho oxiircssioii loi ilio (mss soclicu o( (.bn cloclrcn (‘iipiiim by IJn' ions 
lifiHHiiig through iiumiulHo atoms liiiH botiu denvocl by applyrnf); a vaiialionul iiiolbod Tho 
cWfoct o1 o\f]uiufj[(’ ol l/ho (^loi'trons iind llio infliionco of tlnir Iriinsliilory imition on tlio cross 
soctiou have boon takoii into .looount 


I NT lU) JJ U CT I OM 

Till' liiRt tlieoretioal iiivesti^atioii of iiliarge oxchango IipIavoi'ii He'' ions 
iiiid Ho atoms lias boon ilono by JVIaHsc'^ and Snntli (lOJlH) with the pnrtiirhi'd 
stationary states method vviiieli has been iurtJier applied by J)allapoiLei and 
Bonliglioli (1!4I1), Kirsov (1951), Jackson (1954) and Moiseiw itseli (1959) The 
above authors have used a linear eonibination of the tvio lowest helium moleeular 
ion states like llo^u, viz, the ground state wliieli is hymmetric* witli rospeet to the 
exeliange ol the tivo nuclei and the antisymmidric* state*, just above the ground 
state and liave apjiroximatelv solved the time dejx'ndent iSthrodingi'r ('(|nation. 
In the above method the cross si'ction depends mainly on tlie ddferenci' of the 
eleelToiiie binding energies of those two states for wIneJi Massey and Smitii have 
used, with suitable extension, the eleetroim energy lor lie calculated by Pauling 
The range of energies of the incident ion covered liy Massi'y and Smitli ^^'as from 
500 ev to 12 kev, whereas the same was further extended by Jaiikson from 200 ev. 
to 100 kev. IMoisciwitseli covered a still wider range of energies fiom 0 1 ev to 
10 kev, further he used three sets of wave function to calculate the electronic 
binding energies For the high energy region (100 kev to 700 kev.) Schiff (1954) 
has givmi an estimate of the electron capture cross si'otion for He' ions ])asHing 
through He atoms by applying Horn approximation method; he has used complete 
interaction including the nucleus-nucleus interaction m the Hamiltonian and has 
assumed unit (‘ffective charge of the incident ionized lii'liiim atom. iSnitzer 
(195:1) has experimentally measured the capture cross section for Hid' ions on He 
atoms lor the energy region 100 kev to 450 kev. further extension has been made 
recently by Everhart and his collaborators (]9()3.) who covered a wide range of in- 
cident ion energy starting from 0.4 kev, to 25 kev. Kveihart et a( have lurther 
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observed that, at a hxed scatteiing angle, the electron capture probability when 
plotted again.st the incident ion energy gives several resonant peaks and valleys 

In the ]iresent paper we have derived the expression for cleetron capture 
by He' ions passing thiougb lie atoms by apjdyjng a variational method which 
is valid Jor both moderately high and low velocities o! the incident ions Jn oui 
Ibniiidatioii the inonK'iituni tiansfer term is included in tlu' w^ave liinction and 
tli(‘ effect of oxehange of electrons is taken into account 


T H E O Jl 

W(' considei the capture of an election from the ground state of a ht^iuiii 
atom A by the singly ionised helium ion H AVe assume the nuclei B and A iiiove 
with undorm vc‘loeiti(\s and —^v lespectively, the elfei t of tlie nueleus-nncleus 
interaction is neglected Initially at I - -aj mo have the tv\o elei trons attached 
to tbe nucleus 1 and one m imeleus 7i. We symmetri/c! the initial state wave 
functions by taking ])ropor account of the effect of electron exeliaiige. 

The time rat(‘ of (Jiangi* ol electron state Avave function is given by the tinie- 
dependent iSchi odinger equation 

J ... (1) 

where II is tlu‘ llamiltoman eorrespoiulmg to the motion of the elections in the 
coulomb field of the two nuclei 



and r.fyp rim po.sitiou vectors of the'M-th electron fiom tin* nucleus and/f 

lesjieetively and r,/s are the inter ek'id.roim’ distances The Sebrodinger equation 
(I) IS obiained by making slatiomny the foll(M\ing Auiriation integral I. 

/ - j ( I ’/'UU ']{ - I ini, I* ) ... (2) 

Avitli lespc'ct to small arbil.rary variation of and ^ foi a suitablii approximation, 
we choose a trial vave Innction 


wdiere is the product of the two ground .state Avave functions, one for tin* helium 
atom Avitli the nucleus A and the other for the ionised helium atom A^'lth the 
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nucleus /J, -ijff la the product with A and B interchanged. Hero we liavc roatricted 
our calculations to two electron states Tlie and xjff can bo written as 

'''' ” ^/-i v^/ - ./3 M m 

where vi", = 1 | a(l) 

»..(3. l)r„-(2) „(2) 

Vr,- Ml- W(3) 

.A.' = ''«(3.I)M^(2) |?(i)A')-(l)/'(3)| 

I'r; - 2) «,,i+(3) { I act) 

'Ai' ’A 2 • noriiialjscd, the fuedor l/y/H m eciuationa (4a and 4b) is 

included so as to noi’inalise »//, and t//f for infinite sejiaratioii bi'lweeu A and B. 
Here a i(l,2) denotes the normalised ground state uave function of th(‘ helium 
atom uith eleidrons 1 and 2 around the nucleus A; this wave lunetion (ionsists of 
tw'o parts oiui dm* l.o the orbital motion of the electrons around the nucleus A 
and the other tlm* to the ti-anslatory motion of the elec Irons. jh the norma- 

lized ground state wave function of helium um w ith the electron II around the 
nucleus A and consists of two ]mrts~-one orbital and the other translatory 
Similarly, and V denote ground state normalised w'ave functions of He 
atom and He+ ion respectively with B as the nucleus a and ji are the spin wave 
functions Tn our calculation we shall use Hylleraas type wave function for the 

27 

orbital part of wuth effective charge ■ 




^ ^ exp{ A{r^ 1 

TT 1 

V'(3) ^ ‘^xp 

TT 


^A,)y I ^ »' 2 )+ ^ ^ 

+; ci)| oxr[ ™ ( Iv.r,- irt)l 
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^^1,(1. 2) = ^, 
7T 

a,i+(:i) 


exp I — JH- ^ Et^ exp | ] ] 

=..^/ ?oxi.|( -2,^^+ ‘ .*)) cxp[ y'" ( 1,,..,+ 


fi, ra, ra arc the rcHj)Ccl.ivc position vectors of the tlirco electrons ^viLli respect 
to the centre of mass 0 (at rest) of A. and B. E and e are tlie hijiding energies 
ol normal He- atom and gnjund state Re'' atom njspectivcly 
Performing the sj)ace integration, wo may write 

1 — j[Ldt 

where L -- ^\2(AA-\ BB)F^ -[-4{AA j BA)F^-{-^MBA | AB)F.. 

\-in{{AA-AA \^BB-BB)f^A-'2(AA A A [BB-BB)f, 

1 {AB BA \-BA -AB)J,A-2iBA~ AB-\-AB-BA)j',,}] 

where 


(5) 


F,= 


- 

F,--^ 

/i = 



F.=-e^( 

0 0 

+ 1 — 




^23 



-> 0 

-\~ — 'h 

- ) 



ha ^20 

-jf, V, ir', dV. 

V, =-. 2 / 1_ 

-+ - 4- -- - 


\ rB, 


^ 12 h'l ^ 



h=\hf\dV, h = U^lKir^dV 


) 


wlierc dots denote differentiation Avitli respect to time. 

Finally from the variational prine-iplc, by making I stationary with respect to the 
small arbitrary variations of A and B. we get the followiiig differential equations 

2(J,+2^',M+2(i’,+2r,)J5+ife(2(/,+2/,M+2(/,^.2^)7i 

^ -(/i+sA)^ +(/»-|-2/a)B} = 0 ... (6) 

2(Ji’,+2r,).4+2(7',+2r,)B+tt{2(/i4 iU)A+2li,~\- 2f,)B 

+(A+2LM+(A4%)iJ) = 0 ... (7) 

Prom tiic above two equations we obtain 

iF,+F.,+2F.,+2F^)(A+Ji) h+2f,+2ft){A+B) 

+i(/.-lA-l-2/3+?/j(.4+iJ)} = n 


... ( 8 ) 
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Hifv\Ah-k -4)^-/?)} ^ 0 .. (9) 

ApiJlying the initial conditjrmH i.e. at / oo, ^ 1, Ji ^ 0 wo lijially get by 

solving the above tAvo equations the eaptnro prebability ns 

I ^ sinV^a 

where (A = M* \-2h\U^-y.I,) 

" /'I Ti-h2L)^‘(/.|2j,)^ ■ 

For tile isase of very low relativo velooity (»1 the iniiidcnit ion with respect to the 
hcliinn atom we may evaluate F’s aud /’s after negleeting Ihe traiiHlntorv jiart. of 
the ele itroii waA^i‘ Innetions We f^YjxMtt, from the expression for the capture 
probability rosominee- structure^ AVith <;liange.s of energy details o( ealeula- 

tions lor the eaptiire eiosK-KOotion will bo published soon 

A C K N () W L E F) (I M E N T 

Tho authors wish to thank Prof T) Ifasu for his valuable eomim'nts and 
helpful disiaissions. 
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A METHOD OF MEASURING MAGNETIC PROPERTIES 
OF FERROMAGNETIC AND OTHER SUBSTANCES 

A K MUKEUJEE and N it . Sm’liADHAK 

DeVAHTMENT or MaONETISM, IudJAJN AHHOCIATIOW EOR the (.'ULTIVATJON OJ- yciENnt, 
(jAl.CUTTA-32 \ 

{Received, October N, I9fi3) 

\ 

ABSTRACT In counfinUou with tJic sliicly •*! Dip inn-tfuutu' |)ioj)orluis of Indian 
minorulH, nirdiviutoH and various somicondnciors whirti may he l^’eiio-, Antirpiro-, Ferii-, 
Para- oi Diu-magnelic at vaiious ternjiernluriss, a hoTi/.oidal traiiHlation type halanco has hoon 
deaij^nod and fousUuetod here. This balanee is partinilarly sinlahle Im moasni'emioUs at 
high lemiieraluioH as eonveclion dislurbaiieeH are eliininaled by liiiviiig a horizonlal ovon 
Doscription and woiking of the lialanco are given in Hie pupei 


1 N T R 0 D r C T 1 0 N 

In coniic(!tioii witli the study ol the magiietio properties ol certain rndian 
inmcrals and niattTials ineieorites and various st’uiicoiiducf-ors wliich may be 
ferro,- aiitifcrro,- fern, -para- or diamagnetic, it has been observed tliat none ol 
the niagnetu! lialaiiues used in this laboratory are suitable for measurements at 
high temperatures, —so essenf.ial for these studies, —owing to eonvection distur- 
bances set up in the ovens Moreover, a method suitable for the said purpose 
should evidently 1)(‘ viusatile, robust and at the same time sensitive A balance 
working on the principles of F( e.v and Forrer (U)2(i) with ceitain innovations has 
been found to meet the above requirements to a considerable extent. In such 
a balance tJie sample is attached at the end of a horizontal balance beam supported 
from a pair of bifilai' suspensions with the samx>lo iirotriiding into a horizontal 
magnetic field with a gradient perpendicular to it iii the same plane, so that the 
tubular heater enclosing the samjile end of the beam is also to be placed in a hori- 
zontal position, thereby minimising disturbances due to convcetion currents 
Further, with such a balanoe not only the temperatures and the field variations, 
if any, of the above properties but the magnecrystallic anisotropy of the ferro- 
magnetics can also be studied more reliably and conveniently than by other 
existing methods. The xiresont communication gives a description and working 
of such a balance. 


616 



A Method of Measuring Magnetic Properties, etc. 


617 


THEORY 

When any Kinall crystalline body ol pcrniealuhty surrounded by a isotropic 
mcdiiiiu ol' periiK'ability /!„ is placed in a niagiietic Held H it accpiircH magnetic 
potential energy given by (Nye, 1057) 

V ^ n H, 

SJ7 ^ 

per unit volume, j, k — 1 , 2, H 

Li^aving lor tlie ijrcsent moment the intrinsK! magiietn lielrl v jthm the mcgnetised 
body, the magnetic loua' acting on the Hiiuill body oi' volume v is then given by 

F, ^ (rvoH /O)) // 

^ dx, Htt ^ 


LjJc - 1,2, :i, 

where Kji^ and K^y are the volume susceptibilities of the sp(H,im(‘n and the 
medium respee Lively 

If th(3 magnetic fickl is so arranged that, — 0, 11» — JI., — 0 

<lr^ d.i\ 

and lurther the erysial is set with its dirca-.tion along /J,, then we are lelt with 
tlie sole (iomponent o1 t he lone given by 


F., 


v(Ki- 


(977, 

d,r„ 


(1) 


Now lor a very small voliiim* of a ferromagnetic substance ol suiLahle shape 
foi (‘sthnating th(> shajie elleet, placed in a Indd of veuy small constant gradient 
over the sanifile so that the lield d(‘]ien(leiice ol 7v, is negligible, tin* loree (neg- 
lecting K„ compared to large A’^aJue of A’, for a ferroniagiudic samjile) is 


F., = 

(7Xo 


( 2 ) 


where 7, is the coinjionent of magnetic moment ]ier unit volume of the siilistance, 
I’he above conditions are conveniently obtained in a Fefex — Forrer type of 
balance in which motion is allowed only in one particular direction in the 
horizontal plane with a specially shaped pole gap 

DESCRIPTION 

The different parts of the balance arc described concisely but with special 
reference to the modification of the standard FoSx-Forrer arrangement, in the 
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following paragraplia and can bo folio w£jd easily with reference to the adjoining 
diagram (lig.l.) 



i'lg 1. A sketch of the magnotio balance (not to the scale) 


(a) BaJanw hpmn. {B) 

Tins IS a tliiii unilbrin glass tnl)e about 80 cms long aiul 0 8 cms in diametei 
siiHpondod hoiizontally by a pair of tine glass bililar snsjH'iisions / from a height 
of about (10 cms the iippei’ ends of the two fibres of eacli ])eirig fixed 21 ems apart. 
This allows the motion of the beam only in a horizontal direetion ])erpondicnlar 
to the planes of the l>ifilar fibres and the horizontal magnetic, field is here so arranged 
that it lies at right angles to, while its gradient lies along the nliove direction in 
which the hcaiii is free to move At tlu* end of the beam whicb shglitly protrudes 
on1^ of Ifie balance ease is attaehed a small length of cpiartz tube q to the other 
end of wlneli the specimen c is to be attached The distanc-e between the balance 
and the magnet M is so adjusted that the speidmcn is always at a place within 

dH 

tlie jioJo gaps of the magnet where (i) — — f is small and constant during the 

Ox^ 

dH 

mcasnrcmi'nts with ferromagnetics or (ii) — 1-is constant during the measure- 

53^2 

monts with non-ferromagnetics . At the otlier end of the balance beam .is 
attached coaxially a small soleiioidal coil be of about 100 turns of supcrenamellcd 
copper wire (42 S.W.G) wliich can freely move within specially designed poles 
(after Foex and Forrer 1026) of a small permanent magnet 6ilf. This arrangement 
is for balancing any force which is exerted at the other end of the balance beam. 
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-(t)) Detection of movement' of the balance beam. 

The niovciiient of IIk* balance beam and rcHioralion of its ])of!ilion is observed 
l)y a hght sjiot on a scale relle(;ted from a miiror m suspended by nn'ans of a bi- 
lilar arrangc'ment at,tacli('d at, the other end (»f a thin glass lever lod 1 emnieeted 
by a sliort h'nglh of (juartz libie to tin* l)alanee beam 

(c) Dampimj (d) 

Pi ojKM' dinnjjing airangeinents have been made for the balance beam and 
the bililar mirror. These are mica vamss, hanging from the balance bi'am and the 
niii'i’or immersed in light oil kept in a])pro]uiate dash pots 

(d) Tbe rnaifnet (31) 

Tlie tlu'oretical condition lor measurements on fei I’omagiu'tu s, that is a cons- 
bant gradic'nt transv(‘rse to tln^ magnetic field and over a consideiabli' region, 
is jnovidod loi hiM'e by having a [)io[)er angle lietwemi the two laige rect- 

aiigidar ])ol(' pu'ci's ol the ('lectromagnel (10 cm / llcm) lor a parlicidar jiole gap 
(5 7 cm at the central region) 'I’he field Avas measnii*d at inier\ als ol 2 mni. 
throiighonl' tlu' IcMigth ol the pole ga]) at right angles to tlie lii'ld Ity a si-nsitivc 
lliixineter. .Fioin the gnqilis shoAVing the variations ol the Ihdd A\itli dislance the 
most useiiil region was selected which slioweil suiall and steady variatnms ol tho 
field. (Such graphs (Fig 2.) have also beiui obtained lor dillerent (‘xciting cun eats 
of the magnet so that measniemcnts on diflerenl .samj)li‘s can easily he taken 
at ddfereut field, s. 



20 10 40 bO 40 70 


Di.stanco from the wider end m ems 

Kig. 2 Variation of the magnetic field with distance from the wider end alonv th.^ 
length of the pole gap in arbitrary units. 
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For non-fcrromagncitic, substances two Sucksuiilh types of pole shoes (Siick- 
Hiiiith 1929) are to be aLtached in the usual way to the ])(j1c pieces so that the neces- 
sary coiiditjons ol iinilorin //, is obtained Swil.ching, reversing, contTfilUng, 

0-r_5 

and reading arrangements 1‘or the magnet current arc thc‘ same as already adopted 
hero (Dutta Roy 1955). 

(e) WorJcuifj of the balance, 

(v) IVToasureiiient of magnetic force and test ol sensitiveness ' 

As poinlcd out (‘arher, the magnetii! lorce exerted on the sp(‘cimeii placed at 
one end of tlu' beam is lialaneed by sending a suitable current through the coil 
at the other end. Nov the magnetic forces jicr unit volume on different 
samples are proportional to their susceptibilities but it is also necessary to cheek 
whether tlie balancing currents in the c,od are exactly proportional to the magnetic 
forc(‘s, since balancing forces upon the coil may deiiend in a coniidicated way upon 
the geojiietiv ol the system in order to ascertain tins poini and also hud the 
limit of sensitiveness of the balance the following (‘xpi'i’iment was peifoi’incd. 

An iinsjmn silk hbre comiectcsl to th(‘ saniph' end ol tlH‘ balance beam 
runs honzontalJv over a jewel pivoted pulley having almost no fiiction at the 
bearings, from which w'eights vaiying from 1 m.gni to lOO ni.gm are siuicessivelv 
suspended This caused a. lorwaid motion ol th(‘ beam and the light spot from 
tke minor is widely rh'tlected. It is bi ought bae-k to its initial jmsition by sourling 
a requisiti' current through the balancing coil. The currenl. is indicated by a 
sensitive and aeciirati' niilh-or micro -ammeter pul' in tlu' cinaiit. The actual 
value of the current w'as however olitamed bv measuring the drop of potent/ial 
across a standard resistance. The results ol the measurement are rexiresented 
graphically in Fig. .T 

Tt w^ill be seen from the giajili that the balancing current is accurately directly 
X>roxiortioiia] to the lone acting at the other end. Also it is observed that the 
sensitiveness of the balance w ith the x»resent coil is about 1.25 X I()“''’gms.//4yJ 
wdiich however can be further inmcased bv changing the numher of turns of the coil. 

C A L T B K A T T O N 

(a) For ferromaipielica 

►Since the ferromagnetic susctixitibility i.s field dejjendent the usual method of 
using a standard suh.stama* for calibrating the halanec is not axiphcable. This 
has, however, been overcome by using instead a coil of knoAvn dimension and 
number of turns attaiihed at oilier end of the quartz tube (7), so that the coil is at 
the same x^osition within the x>nles of the luagnefc [M) whore there is small and 
constant gradient, the axis of the coil being jmrallol to magnetic field direction 
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A kTH)Mni current is passed tlirougli it wliicli is read by a calibrated milliainmetor. 
When the magnet is switched nn a force acts on this coil and can be balanced by 
})assing current through the balancing coil (be). 



P’lg Loud-BaJiincing cuiTcni curve for a parliculm Imlnnong i-oil 

For the jmrpose ol actual measurement. tli(‘ speciiiK'n is first abtacJied at the 
tmd of tlu; cpiartz tiilie (^/) and tlie magnetic force is balanced by passing a current 
say through tlie balancing (ioil Mow the sjaujimen is replaced by the standardis- 
mg cull mentioned above and the magnetic force is balaniicd at the same value ol 
the magnetic lield as tliat of the Kpecimen by passing a current ig, through the coil 
(6c). Then the intensity of magnetisation, /, of the siiecimen is given by (from 
oq. 2) 

j _ h 
* ?.2 W 

where iV is the total number of turns of the standarr Using coil, A the area of the 
section of the coil, c the currmit through it. p the density and m the mass of 
the specimen. 

3 
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As a test nioasuromeiit different currents wore passed through such a coil 
and the force exerted on it when the magnetic field is awdtched on is balan(3ed 
111 the usual \'\^ay by sending appropriate currents through the balancing coil 



Standardising coil currant m milliamps 
Kig 4 Ualancing current for diffoieiit currents in tho standardiBing coil a(. 

difforeut magnetic fields. Coil 1 1780 oo • ; 2050 oe @ ; eoil IT 1780 
oe Q i 2060 oo 

Tins procedure us repeated for different inugnetic fitdds and with coils Jiaving 
different nuniher of turns. The results of nieasureinoni are shown in Fig 4 
The relationship between tlic current through the standardising coil (i.e. its moment) 
and the current in the balancing coil (i e. the force exerted on the standardising 
eoil) IS a liiu'ar one for a fixed value* of the field. Thus in order to find the field 
variation of tJic niagneiisaLion of the ferromagnetic specimen, the force acting 
on it and the standardising coil with known current flowing through it (i.e. the 
respeiilive balancing currents) are compared at the different desired fields. 

(b) For non-ferromagnpMcs 

For non-ferromagnetics, as has been pointed out above, two Sucksmith 
type of ])ole slioes are attached over the flat pole pieces of the magnet and the 
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magnetic lorce exerted on the Bpecimcii and on the standard substance, both 

OH 

placed 111 the same position within the pole gaps with uniform over consi- 

derable region, are successively balanced by sending currents through the 
balancing coil, when one is replaced by tlie olhei Then the mass suscoxitibility 
of the sxieciiiien is given by (from eq. 1) 


X 


•t 


m 




A'- 

p 


where Xa mass susceptibility of the standard substance, i and the balancing 

currents fur the specimen and the standard substance resjiectively, m and mg the 
corresxiondmg masses, /i and /jg tlie densities and 7 \„ the volume suscexitilnlity 
of the surrounding medium i.e , air at the temjieraturc' at which the measure- 
ments were taken 

For checking the roliabihtv of the balance so far as the non-ferromagnetics 
are concerned the susc-eptibilities of a number of fri'shly jirepai'C'd crystals of 
Feiric ammonium i\lum (Fe2(*^^4)j(^^4)2'^^^4 ’ -‘l-fljjO) grown Jioiii aquous 
solution using (hit (piality samples of JC. Merck were nusasuied using a crystal ol 
Chrome ikitassium Alum (02(804)31^2^*^04 • ^dHgO) gi'own in the same way as 


TABLIil 1 
for Fe^i Alum 



Rtandard 

Ibiknown 

Karbei values 
for p “«/;<■ of the 
uiikTiown Hurri))lo 

Substauco 

C 1 . 3 + Alum 

Alum 

at 300°K 

Uciisil.y 

1 842 gms/c.f 

1 .724 gms/c c. 


Mass 

15720 gms 

09020 giriH 


Baluuciug current 

127.0 fiA 

180.0 


XX 100 

11 98 at 300“K 

29 66 at 300° K 



11.91 

34 76 

34 80 (Dutta Iloy 

(in Bohr magneton units) 

Subatanco 

NiOla Soln. 

!'«'*+ Alum. 

1956, 1956) 

36.0 (Spin only 
value) 

Density 

1 2993 gms/c c 

1 724 gins/c ( 

34 60 (Onnes and 

Mass 

33400 gms, '»f 

07246 gms 

Oostorhuis 1927) 

Balancing current 

concentration 

2590 gms. of NiCl.. 
per gms. of soln 

280.0 M. 

226.0 fiA 


XX 10“ 

8 1007 at 302“K 

29 . 60 at 302°K 





34.79 


(in Bohr magneton units) 
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iih()V(‘, HR a Mtanclarrl The* reHuIt.H of meamireinents are Rho\\7i in Table I and are 
found to agree well with otliei reported valuea, and are very eonsi.stent amongRt 
tlieiiistdvoR fo]- a ninnher of different .sainpleH Also the auaeeyjtibility of 
Aiuiii waH deterniincd UHing a nickel chloiide (NiCl^) Holution of known Htrength 
as a istandaid and the n^sult was found in agreement with standard valucB. 

( ' O N (' L IJ I) 1 M (ni H K M A K K S 

It IS found that tlu* balance descTibed above is very convenient for meaHui/(‘- 
uients of a v'^ariety of sulistanees of widely different susceptibilities both ferroina^- 
iietic, and noiiferromagneljc A horizontal c.ryostat or an oven eliminating eoii- 
N^’ictional disturbances is very suitable for use with this balance The stability, 
reproducibility, and SfMisitivity aie very high and it is now planned to start 
mcasurenHMits on some natural ferromagnetic minerals such as ilmenitc, mag- 
netite cti botli above and bcloAy their (luri(‘ temperatur(‘s and esjiecially in the 
legion close to this tem])eratnre 

AOKNOWJ. ED CtMEN T 

The authors nre grateful to iShri A K. Dutta Reseaich Officei’, for his guid- 
anc(‘ and help and Prof A llosi* D.Sc , K.N I , loi his keen interest in the work 
Also (hey vosli t/o thank the Workshop for the efficient construction of the 
balance* 


H E t" E R E N (’ V. S 

DuIIh Kiiy, iS K, 111.15, Tn<J Join Phifs- , 29, 421) 

Dutta Itoy, S Iv, IDIO, Tn<l. Joui Phtja,, 30, 101) 

Foox. (( and Foiu'r, R 11)20, Jouni dv , 7, J8<) 

Nyc. J F, I!)')?, Propoitios o/ GVy.ytal,s, Oxford. pp,,67-(i:i 

Ouucs, II l{ , />-ini OoritarliuiH, JO, /f)27, (’omras i^aid, no IHflC 
Sutltsiriif li, \y , H)2IK rful M(tg , 8. Ms 



69 


DIMENSIONAL AND STRUCTURAL CHANGES 
DURING DENATURATION OF HELICAL 
TYPE MACROMOLECULES 

A V. TOBOLSK.Y* and Y, D (iUPTA** 

{ItctvnriJ, 27. l!)(l,S) 

ABSTRACT A ihooiy for quaiUil-ulivo dost i iplion di lovoisihlc liolix-ooil lypo ])Jiase 
(niusilJt)ii in miiriojiiolefular sysloins is ^jivcu Tlio tiansil inn. is cliaraclon/ofl by (Ijllio 
fiiK'tion of IioIk'iiI ('nntout, (2) srfjuoiu'o longtli of Mio iM’ystallino ivgious, (3) sofpitineo loiigLh 
of t.ho anioiphous logioiis. mid (4) moan square* oud-l.o-oiid dislUHCO 'I’ho iohuIIh f*)i pei ceut 
iiolii'iil 01 cryslallmo couloiii aio cnmpaiod with ox])oiiiuonlal valiu's for polyhoiizyl 
glulamato mid oligoadeiiylio aoid 


I T H 0 I) r (' T 1 0 N 

Certain niiKiroiiioleoiiles siidi as synthetic poJypi'ptuleN, protidiis, synthetic 
polynuoleotides and deoxynbuniKjleic acid (J.)NA) and riho-nnclcK acid (JtNA) 
undergt i a i eversihle jiliase transition as the tcniiiei atm e is raised . Foi Liu* natural 
proteins and nucleic adds, this diffuse phase transition has frequentlv heon 
termed deiiatuiation For isolated synthetic linear polyjiejitides iii solution 
this phase change has been identified as a transition Iroiii a hidi(;al (crystalline) 
state to a randomly coiled amorphous state, and has been denoted as the helix- 
coil transition (Dotj^ et ul, 1954-57). This tran,sjtioii occurs foi single strand 
helical macromoleculcs and also for multiple strand helical niaeronioleculcs. 

The purjiose of this paper is to give a (piaiititatiye di'scription of tins transition. 
Til jiarticular wo wish to characterize the iiiacromolecule tlirough tlie region 
of transition liy the following paiaiiieters (a) pi5r cent helical or eTystallme content, 
(b) sequence length of the ciystallme regions, (e) sequeiKK^ length of the amorphous 
regions, and (d) mean square eiid-to-cnd distance of the macromoleculcs 

To achieve these pui'iioses we utilize tAvo theoretieal developments. The 
first is a statistical thermodynamic treatment of the phase transition. The 
second is a theory of chain dimensions of crystalline maoroinolecules. 

* Department of Chemistry, Princeton University, Princeton, New Jersey. 

** Department of Physios, University of Allahabad, Allahabad, India. 


625 



(520 


A. F. Tobolsky and V. D. Gupta 


STATISTICAL H E li M O D Y N A M I C T R E A 'r M E N T . Z I M M ^ 

B R A G U THEORY 

The pi’ototype theory lor the phaae transition for linear polypeptides Js the 
theory ol Zinun and Bragg (1958). The authors considered the sequence of amide 
residues in a linear ])oJypeptjde chain. The oxygen atomolaity given amide residue 
IS eitlier hydrogen-bonded to tJie hydrogen atom of the tliird preceding residui' or 
it IS not The first three amide residues are considered unbonded The nota- 
tion zero IS assigned to an unbonded amide residue (segment) and the notation, 
unity is assigned to a bonded residue. A particular configiiratiou oi‘ tlie cliain 
theiefore, would lx* 

000 1 I 1 00 00 1 1 .. (1) 

The following statistical weights were assigned to the various residue pairs 

(1) the quantity .s* for the residue pam 1 1. 

(2) the quantity rr-s for the residue pair 0 I . 

(II) the quantity I for the residue pan* 0 0, 

(1) the quantity 1 lor the residue pair I 0 

The abovt‘ assuiiqitions correspond to the simplest form ol the Zimvi- Bragg 
treatment, rr is a (piantity much smaller than unity and exjiresses the dillieulty 
of till* transition from a non-bonded segment to a bondcfl segment in a sequence 
such as (1) ^riie (piantity .s whieB is larger than nmiy when the helix is favoured 
(‘x'proHS(^s the tendtuKiv loi bonded sognieiits to l(dlow bonded segments. 

Zimin and Bi'agg used the matrix method to derive the partition fmietion for 
the po]ypo])tid(^ ehaiii and an expression lor the iraction of bonded segnmnts as 
a function o f and a Tlunr matrix can be cxpresscnl as ^bllo^^'S, (w('. have exchanged 
rows with columns in their notation for consistency with our further discussion) 

; (T-^ 1 “(r-> 1 i I (TS 

M - =- ! ... ( 2 ) 

] 0 1 --4 1 ; I « 

The: partition lunctioii for a chain of n segments is related to the maximum 
root Xjnax matrix M • 

Q ^ 

where 

max = J {14-«-|-fU-«)*-|-4(r«]»). ... (4) 

The fraction of bonded segments 0 is equal to 

a dtnXffia x 

dins 


... ( 6 ) 
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A GENEH ALIZ ATION OF THE K T A T I S T I 0 A 1. THERMO- 
D y ISJ A M ] C T H 1C ATM E N '1' 

A inodiliojitioii and generalization ol tlio Zinini-Bragg tieiitiiieiit lias licen 
presented liy Tobolsky (In Press). One reinterprets tlic partially lielieal luaero- 
molecule as being a seipicnee of segnunits Avluoli an; eitlier in ainorplions regions 
(randomly e, oiled) and denoted as r or as segments Avliioh are in (‘lystalline 
(helieal) regions and denoted as ft. A maoromolecule can l)e wiitten. tlieielbre, as 

r r r h h h hh r r h h hr r... (6) 

The (jiiestion of hy(b*ogen bonded versus non-liydrogen bonded residues 
IS only a special case for tJie above way ol coneoptualizing the (‘li.nn i\ single' 

strand helical niacromolcciile the crystalhzation has to be intranioleeiilar some- 
times aided by hydrogen bonding but not necessarily so Foi a double or multiple 
strand hcUeal maeromolecule, the crystallization will have to be at least jisirtially 
inteiniolecular We may even niiagiuo that the He(|U(;nee (0) leli'is to a maero- 
molecule which IS part of a senii-crystalline maeromoleeular system as in bulk 
])oly-ethyleue. FTere the crystallization is mainly intcrmolei iilar 

We also generalize the notation to de\elo]) a 2x2 matux, analogous to tbe 
Zimm and Bragg matrix . 

(1) a segment pair rr is assigned the .segment ]>air partition tunction frn 

(2) a segment pair r ft is assigned the segment ]>air jiartitioii fuiuition ffj,, 

(3) a segment pair h r is assigned the partition function ff^r, 

(4) a segment pair hh is assigned the partition function 

The matrix eorrosponding to ((i) can be written as 

r h frr jrh 

M = = ; ... ( 7 ) 

\h-^ I A-A h I fhh 

Tin; mathematical treatment is identical with tlu' Zimm and Bragg treatment 
if the following identification is made ■ 

frr =- 1 

hn - (H) 

frh,fhr = 

One can utilize this matrix to develop expressions for the average sc^quence 
size in the crystalline regions, the average sequence size in the amorphous regions, 
etc. 

It is very helpful, however, to solve the problem in an alternate manner 
through the use of segment partition functions I'ather than segment pair jiartition 
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luiictions, Tins requires a rcwTitiiig ol’ tlie sei^iience (6) and redesignating the 
first HOgiii(‘nt of’ every erystalJmc secjiicnee as k, 


r r r k h h h h r r k h h / r... ... (9) 

The segment paidition functions are taken as fr, fi, and f^. The soJiition of 
the pioblcni now involves the use ol a Hx3 matrix as shown by Tofiolsky (1962) 


r— > 7 

r— > k 

r-> h 


frW 

0 

M ■= k—> r 

k-^k 

k-^h -- 


0 

hW 

li-^r 

/i— > k 

h-¥ h 

f„¥r‘ 

0 

fnVn* 


Th(‘ solutions ol this matrix are cquivalcnf. to the solutions of 


...j ( 10 ) 


matrix (2) 


il ; 


J\ - « 

.. (U) 

fk 

= (TS 
Jr 


At tins poini the advantage of this loimulation ajipears. Inasmuch as 
we use segiiKuit j)aitition Iniietions, we ean easily intciqu'et these* quantities in 
the following jiiann(U' • 


fr =- !7r 

= . ... ( 12 ) 
Jh = ^ 

Tn ecjuation (12) is the ,siatistie,al weight of an r segment, gtt is the statistical 
weight of an h segment, and A7// is the bejit of fusion from the crystalline to the 
amorphous state The partilion iunetion/fc of the k segments winch represent the 
boundary l)et\\e(‘n amoijhous and erystalhne regions is taken to he temperature 
indcijendent (aji ajiiiroximation) and very small, to represent the difficulty ol 
entering svich a bountlary I’egion 

The following results ensue from equations (10) and (J2) 

= ... (13) 


^S, = Rlv 2t 
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In equation (13) Tf is the transition temperature and A if?/ is the entropy of 
fusion. 

TJio results for fracitional crystallinity 0 as a function of temperature, for 
the average sequence Icuiglh h in the crystalline regions and ilu‘ av(‘rage Hetpu'nco 
length r in tlui amoriihous regions, both as functions of tem])erjiture, are -wTitten 
below. 


\-0 = — 

1 

y .* / / ai'V \ 2 

h 

... (14) 

rv( 

1 

(■RT - 

Ajiy . ^pj 

-iV ) 

' It ' 


rHT \ 

,V 



f = 


w, ■ ' "'■ 

fr 


.. (15) 

II 

! 

1 

^Ff 

RT 

(t 

1 

-j- 

+ 1. 

... (16) 



•> Jl 

Jr 



nj,cq _ 0 

n \ 


... (17) 

Here 


^Ff = . 


... (18) 


Tli 0 expression for 0 is essentially equivalent to that given by Zimin and 


Bragg. Wo also present explicit equations for h and f. Tlie quantity given 

n 

in equation (17) is the ratio of the number of crystalline sequences to the total 
number of segments. 

Ecpiations (14)-(1()) are exact equations deduced from the formulae of refer- 
ence (4). Simple a,p])roximato equations were given also in (4) but, for the purjioses 
of the exact cabnilations (tarried out in the subsequent xiortions of this pajier, it 
was desirable to use the exact equations and machine fjomjiutations 

CHAIN DIMENSIONS DURING THE PHASE 
TRANSITION 

Tobolsky and Gupta (1962) have developed a theory for the end-to-end dimen- 
sions R'^ of Bemi- crystalline luacromolocules in terms of two probability paranieiers. 
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When sLatiwiical thcnnodynamic equilibrium obtains, these parameters can be 
related to tlie partition functions fr, Arnlfi^ introduced in the previous section. 
An extremely .simple approximate formula re.sults ■ 

R'^ ^ [ 1 (2A+l)^ (1- 0)'^nl\ . .. (J9) 

where 0 and h can be identified with equations (14) and (Ih). 

blcpiation (19), howevei , applies only to the simplest ease where the unit 
cell of the helix is .such tliat the e.ompl(‘tely helie.al form of the molecule is c.'^sen- 
tiiilly a rijrirl rod. In otlier words, wi' aie not oonsidering hero the cases lebere 
tiim'(‘ IS comiilox ('oilmg within tlie unit cell, as occurs in globular proteins, por 
do we consider here tlu' effects wlihili may be produced by long rangi^ iolduig 
within the (TYstallib(\s. Although modiUcatioii.s of cijuation (19) to oncomi)fit(SH 
these phimomemi have been given (Tohol.sky, I9(i2; Toholsky el. al, 19(i2) we feel 
that it is jnematiue to examine the.se more eomjilex iormulae Avifliout more 
experimental (‘videmie than is now availahh' 

(laleiilations ba.sed o]i equation (19) ar(‘ nevertliele.ss vahialile b(*canse in certain 
ca.si‘s the completely helieal maeromoleiuiles do a[>i)ear to approximate rigul rods 

A 1' W L T (1 A T J () N T O K X f K h T M E N T A 1. D A T A 
In this paper we apply the theondical results to three hiOix-coil tran.s'itions 

(1) Tli(‘ h(‘lix-coil transition of polyheii/.yl glntaiiiatc in a dichloroacotie 
aciid-eMiylene diiililoridc mixture Tins is a reverw tran.sition, i the helix is 
Stable at high temperatures, This case has been treated by Ziium, T)oty and 
Iso (1959) using the method of Zmim and Bragg. T he.se authors obtain the i‘xprcH- 
.sion for 0 as a funetion of T by (ihoo.sing a proper value of fr and A//. AVo repeat 

the.se calculations in our notation and in addition present results for h, f, ^ 

n 

and R“. 

(2) Scliellman postulated that the heat ol' hydrogen bonding, stabilizing 
the helix in linear polypeptides is AH — — 1500 calories/mole In our notation 

this means that AHy = 1500 ealorics/mole. We coiuimte 0, h, f, , and 

for the normal lielix-eoil transition for thi.s type of polypeptide assuming the 
same cr, and the same tran.sition temperature as in case (1). (The Zimm, Doty 
and Iso case) 

(3) Prof. J. il. Fresco has made available to ns preliminary data of Fresco, 
Blake and Doty for the hchx-coil transdion of the double atrandeci hoax of oligo- 

adenylic acid AVe compute o, , and R^ for AH^ = — 1336 oal/mole and 

different values of tr. 

(1) Helix-Coil Transitiov For Polyhenzyl Glutamate 
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2inim, Poty and Iso have explained the transitjoii in polybenzyl ghiiainatc 
in a dicliloroaeotie aeid-clhylene dicliloride nuxlurt' using the folloA\ ing values for 
the quantities tliat appear in the Zimm-Bragg trentnuMit ■ 

O' = 2 X 10“^ — fijfr = cig,. (in our notation), 
dlnS A& , „ 

eal. — —i^Hf (in o\ir notation), 

Ty - 1 1 .8“C. AAV -- Mlrl'l) - 3.12 eal/deg., 

^Sqo h3.127V 

Using these values in equations (14) (15), (15), (17), and (IS) we evaluated 
0,f,h, --1'”*, and /f- as functions to temperature, using a Bendix ((1-151)) type 

computer. The lesults are shown grajilncallv in Figures 1-4. The coinpu' 
tations for R~ are purely hy]>otheli(!al based on the aRSinnption that- the hebcal 
form of the polypeptide is a rigid rod. We know that this isn’t true' in tlii.s caise, 
since intrinsui viscosity measnrenuiits in this system sliow remarkably little 
change through tlie temperature region of the lielix-coil tr-ansilion 

We would like to emphasize that the reverse transition treati'd by Ziniin, 
Doty and Tso as an application of tin* Zimm-llragg theory in fact introfliices some 
grave (ioiuieptual diffi(!ulties for any statisticial tliei’inodynamhi model ol the tyires 
discussed here Tluvse authors correctly stated that the positive value, of All 
(a negative AH fin our notation) can be explained only by solvent eflects. How- 
ever, a negative AHf also means a negative ASf and il is oertainly dillieiilt to con- 
ceive of the ordered helical state as having a higher cntiojiy than tin*, randomly 
coiled state. 



Tempera turo, °C 

Fig, 1. CryatalUmty versus Tomperat ure curve for Poly benzyl Glulamate 
(Zimm, Doty and Iso case). 
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Tomporal.il re, "C. 

Fig. 4 Variation of ilio Exported tiquai'o of tlio En.d-todi]tod Distance wil.li 
Tomporataio for l^olybonzyl Glutumuto. 

(2) Schellman casv, 

iSchcllmii]! (195.')) [)()stnlat(*il iliiif. t.hu heal of (li.ss()c.ial.ioii of tin* hydrogen 
bond IS -l-15dU cal/niol(' Jn other vvoidw, tlie heat of hydrogen lioiidiiig Ktabiliziiig 
the helix in linear poly |jL'i)t, ides is — 1500 eal/mole We use the lolloAving values 

of the various parameters which occur in the expressions for 0, f, /i, and 

n 

(Schellman’s notation) = —AH/ (our notation), 

AF/= -f- 1500 cal /mole 

For the sake of delinifceneBS in our calculations, we as.suirie that a particular 
iSchellman jiolypeptido has the same T/ and the same cr as used Zimm, Doty 
and Iso. 


cr = 2 X 10“^ = fijfj. = ejfjr (in our notation) 

Tf = 11.8°C, AS/ = 5.2668 
AF/ = AII/-TAS/ = 1500-TAS/. 

The calculations are made for the normal hclix-jcoil transition for this type of 
polypeptide and the results are shown graphically in -Figures ^6-8. 
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Tcmiierature "C. 

Fig. ii. Ci'yatallimiy Vephiis 'ri'iiiperature Cui vo f(n' Lineiir Polyppplidos 
(Scliallman Oaao), 



Temperature ’0. 

Fig 6. Curve showing Variation of Sequen -o Lengths in the Cryafcalline and 
Amorphous Jiegioas with Temperature for Linear Polypeptides. 
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B 




o 

iz; 


2 


0 10 20 30 40 50 

Temj)oratuio "C 

1 NiimliQi' of Seciiiorn’os Vermis Temperatiiro for Linear Poly pep la do, 



Temporftlairo “(/. 

Fig. 8. Variation, of tho Expooted Square of the End-lo-End Distance with 
Temperature for Linear Polypeptides. 

(3) Helix-Coil Transition for Oligoadenylic Acid (Poly A) 

We iiiilizo in this instance some preliminary cxpi'.riniental data on crystal- 
Jmity versus temperature for a senes of oligonucleotides of adenylic acid of vary- 
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ing degrees of polymerization including data on 0 versus T for a very high mole- 
cular weight Poly A. The data were kmdly supplied to ua in advance of publi- 
cation by Prof. J. li. Fresco (private communication). 

The Poly A polymers exist in aqueous solution at low temperatures as double 
stranded helices. At higher temperatures they undergo a giadual hclix-coi] 
transition. The primary experimental data consisted of values for Tf versus 
tlie degree of polymerization P We compute the values of from the formula 
(Flory. 1957). i 



In equation (20) Tf^ i.s tlje melting temperature for the polymer oF “mfiin\-c” 
molecular weight and Tj is the melting teinjicratme foi Hu' ])olymer of degree 
of polymerizatum F A plot ol 1/7’^ vei.sus li/-(l--2/P) gave a straight line from 
whose slo])e W(‘ obtained a value of Allf --- 1 152 ( sd/moI(‘ Tlic data in 'rable 1 
were kindly siipyiliiMl by Piofe.ssor .1 H Fri'seo, 

The data for 0 versus T for the “infinite” moleenlar weight poly A were also 
supplied by Professor Fresco using the optical density method. 

The value of rr — f\Jf, which gave the best fit with tlu‘ e.xperi mental 0 versus 
T data i.s 1 .5\' 10' With this value of a we them c.omyiiited 0, f and h The 
roaults are given in Table IT. 


TABLE I 

Tf versus P for Oligo and Polynncleotides of Adenylic Acid in a Sodium 
Citrate Buffered Solution at — 4.0. 


P Tj^C 


2 

4 


6 

14 

6 

26 

7 

— 

R 

44.5 

9 

48.5 

10 

58.5 

11 

G1 

infinite 

112 
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TABLE 11 




Computation 

ilklf. 

of d, r and h for Poly A 
-- 000015) 




0 

0 



'IVinpoi' 

lU 1 

on (JOKjani- 

(Plirmn- 

/ 

h 

( 


nitmlul) 

1 ii*al ) 



09 


J 0 

995 

IS 5 

3800 

102 

:i 

97 

991 

20 

2500 

105 


90 

9S 

39 

1900 

I0(j 

‘A 

95 

97 

50 

1500 

lOS 

;t 

92 

94 

71 

soo 

109 

7 

SO 

.SS 

100 

050 

1 1 1 

0 

75 

7:t 

1 (i5 

150 

III 

0 

09 

01 

220 

310 

1 12 

0 

50 

50 

200 

200 

1 12 

4 

2.'l 

to 

310 

240 

1 12 

H 

0 

2S 

400 

205 


JiiKMiUil (Ijsi iissKMis oj tlu‘ (mhI l/i.iiiHJlmn in poh' A is fpvi'ii in 

earlier papi'is by b^i(*sco mid co-Avorkers (11)57-50) 

A “hypoMictical value" Inr R- as a riinetion n1 liniipiUHlure could, of eoiirse 
1)0 ealeulated from Table TL and eiiualion (10) 

A V P 10 N I) 1 X 

A Fandumental (HiUquf' of the Ztmm Runjif Tlo^on/ 

The Ziium Bragg tlieory has been jnesimleil by ils .udhoi’s as a theory loi- 
the iihase (ihaiigo oeeuiriiig in linear |)olypeptides (i e . IIh* helix-eoil ti aiisilion). 
Ft IS our eontiuiiion that this thoorv is not a true theory ol jiliase tiansitioii but 
lather a model foi difl'use melting 

In ordei to niako our point clear, \vi‘ first lonsuler a vej'y simple model for 
the molting ol a simple iKpiid, 

Consider a lattice cell model for the liquid state' in whicli all atoms have 
the partition lunetioii — (Jj^ vk\){RjJRT), (onsider a lattice modi'l for flu* 
solid state in Avhicli all atoms have the partit,ion fiind.ion j\ - <j^ v\]i{E^jRT) 
and consider larger than g^. Only these two (-onligiirations (or mieroRt ates) 
are alloAved for the system as a wliole. 

The partition lunctjoii of the assembly is 
A. I. 

When/* is larger than only the first term eontiibutes to Q, \^'hen ./^ is 
larger than f„ only the second term eontributes to Q. The melting condition 
occurs when /s equals/^. At that jioiiit 
A. 2. A£f fusion — -Rg 

A/i? fusion R In {gijga) 

?■„ ^ Aff/AS 


5 
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If, on the other hand in our cell model we allowed colls of partition func- 
tion to mix indiscriminately with cells of partition function /* the partition 
functiim of the assembly would be 

A. 3. Q if, \-f,r 

Kquation (3) shows no phase transition 

Although equation (1) definitely shows a phase transition, it was put in there 
by the assumptions of the model, namely, that there arc only two configuri'ition.s 
and that the partition functions of the cells are in one configuration anil /*. in 
the other. It is what the old text-boolis would call a 'dieunstic proof”. \ 

The Zmiiii- Bragg model when a equals zero is exactly the same as the ihodel 
represented by equation (I) The Ziinm-Bragg model tlien gives \ 

A. 4. Q = 

We do not regard the Ziiiiiii-Bragg treatment as a true theory of pliase transi- 
tion, whether o' is zero or finite. 

However, when o- is finite, we rcigard the Zimm-Bragg treatineni as an 
excellent model for diffuse melting. The introduction of finite rr introduces other 
suitably weighted intermediate configurations in addition to the two displayed 
in equations (1) and (4). It does not give the same weight to all configurations 
as was done in equation (3). The rnert* fact that we assign partition functions 
I and S to segments in random and in helical configurations means that wi*. 
have preassumed the existontie of the two phases The assignment of finite cr 
means we jireassiime a boundary phase This is not justifialik* if we ann 
considering this treatment as a fundamental theory of jihasc transition. It is 
perfectly justifiable if we regard the treatment as a mathematical model for 
diffuse melting. 

The very interesting question arises for what jiroblems in diffuse melting 
can the Zimm-Bragg treatment be applied ^ Tobolsky’s extension of the treat- 
ment, including the generalization of the notation, liberates this model from restric- 
tion to the helix coil transition in polypeptides. Tbe effect of the hydrogen bonds, 
the particular structure of the alpha helix, perhupfi even the one dmiensional aspect 
of the problem, no longer have central or unique roles. 

What systems display diffuse melting ? Isolated polypeptides in solution, 
globular proteins which denature reversibly, double and triple strand helices 
such as poly A, DNA, eti; Jt is perhaps an open question as to whether crystal- 
line polymers in bulk, such as high molecular weight monodisperse polyethylene 
would show a sharp or diffuse melting under conditions of complete equilibrium. 
What about selenium, whose crystal structure displays long chains 1 Perhaps 
one requires very thin fibres of polyethylene or thin whiskers of selenium to bring 
out diffuse’s one dimensional melting. However, even in low molecular weight 
systems diffuse meltings are sometimes known to occur. It woidd be interesting 
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to know what inherent physical principle underlies diffuse melting (excluding trivial 
cases such as the effects of impurities). In response to our questionings Professor 
P. R Eirich made the interesting suggestion tliat the basic thing that might 
Lindorlio diffuse melting is anisotropy of the radial distribution function in the 
liquid state 

The basic question is to what extent would a generalized Zimm-Bragg 
treatment, such as that presented by Tobolsky, be an apt model lor diffuse 
melting in general The double sLi and helix of poly A may he a iTueial case. 
Tf the treatment presented in this paper is a good appioximation for poly 
A it might encourage further application of the concept to other cases of diffuse 
melting. 
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EMISSION SPECTRUM OF MgCl: A NEW 
DOUBLET SYSTEM 

V. HATVANAJiAVANA HAO and P. TIIUTVKNGANNA KAO 

Sf'icnTHnH('oi>rr L ahok \T i)Hri!:,s. Dki'xbtjmunt of Phyhk’S, Vndijha UNivUi^iSiTV, Waltaik 
{lircrimK -hdif o. resnbinilled, Dn'emhe) 23, lflf)3) \ 

Plate TX \ 

ABSTRACT A now doobloi sysloin ol LaniU aMAibulod to inmeculo Jiah boon 

olHoi’vod Ml llio visibli' rpijioii 5.^0 in llu* Ingb (iih|uciua dischargo h'joni (ho 

viliral-imial auulyHis nl Ijio system il is c'nifludt'd thal tlio lowei' Hlalo of tins Hyflfom ih Hamo 
as tlio fij'sl, (iveifod .-1 - U stalf* of MgtU AvitJi a doiiblot aofiaratinii of r>5 rm i Tin* a|Jiiroxniia(p 
vibratioruiil ('[iiislanlh ol the u])iioi‘ista(.oaio ostimatod as Wjj' — f)(i3 and .fr' cjp' ,1 5 cm' i 
The oli'clroun- Hlrijctiiri's of (ho ground and exoil.ed H(a(os of MgCI arc disi-usHod m rola- 
(iion (.0 those of KoK and MgK 

J NT H O 1) n (^T ro N 

0 

The- band Hpeetriiiii ol Mg(-I waH investigated bv Qiierbaoli ( 1930), Parker 
(1035), Morgan (1930) and Kikami to eonsisf of only one diserete liand Kysteni in 
Lbe region A3()00-/^395()A. According to Morgan (1030) this system is a doublet 
sy.st(3ni ai'ising from a transition of tlie type ‘‘‘J7 — analogus to the well known 
“li, -X^Z system ol PoF and MgF. The clectrunie structures of the diatomic 
halides of Uerrylliiiiii and Magnesium aie expected to be similar in their ground 
state as tliey (‘ontain tlie same miniber of outer valence electrons. By analogy 
with BoP" and MgP" one might expect that the ground state of tlieso mokMudes 
IS a '-^Z state. The tiaiisition from the first excited AHl state to the ‘X' ground 
stat(*- gives rise to a strong system oi' hands d(‘graded to violet in the ,spocti’a ol 
each of the molecides MgP’, Mg(U and MgBr In addition to this main system, 
transitions from tw'o excited states B‘'*U and to the common ground state 
have licen identified liy early ivorke-rs. fn the case of MgCl, Iragnients of four 
hand systems are given at 12700 eni"’ by Qiierbach (1030), at 25000 cm'^ by 
Parker (1035), at 3701)0 cm-^ and 40S50 ein-^ by Harrington (1942) in absorption. 
However no deiailed analysis of any of these systems appears to have been 
reported so lar. 

During the course of an investigation on the emission spetdrum of diatomic 
Mg(^l excited in high frequency discharge the authors liave obtained a new system 
of hands in the region A5000 --A455(), iii addition to the v'^ell known A^Tl—X^Z 
system. The lesults of the vibrational analyses of the systems reported in this 
paper definitely indicate that the hands arc to he attributed to diatomic MgOl, 
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Tlu‘ I'leotronic structiuros of MgF and MgOl m llioir ground and oxoitod 
aro also disonssefl in tins paper 

K X r K K I M 13 N T A h 

riie speelnnu of Mg(^] was excited in high Iiecpieiiey discharge from a /)(M) 
Watt oscillator working at a Iroipiencv of 30 to 40 Mc/*S'., using an anhydrous 
s[)ec]mro P sample of Mgf-l^ in a conventional dischargt' tube. The disohargi^ 
M'hich was bright green in coloui was photographed under low pressiiie vapour 
conditions using 3 prism (Jlass Liltrow Spectrograph having a dispersion 7 A/mm 
at 4000 A. ICxfiosures of 5 minutes duration were found suUicient foi’ obtauiing 
good spectrograms using Agfa Jsopan Rii])erspeeial plates For ])roliniinary survey 
spectra were also pliotograplied on Fiieas and Meduiiu Quartz instruments in the 
visible and ultra violet, regions Measurements of band beads v\’ere madi' on Hilger 
conifiaratoi using froii arc lines as standards and are accurati' upto 2 ciir ^ 

H 13 S U L T H A I) A N A L Y N I S 

In addition to th(‘ well kmmn A-II system in the spectrum of JVIg(3 a 

new systimi of liands w'as observed in the region A5000 — A4r)r)0 as can lie seen in 
Fig (T) 'Phis system lamsists of three marked seijiienees oi bands degraded 
towards the violet Tb(‘ wavi‘ number intensitv and other data of the bands are 
given in table (1) Tht' measurements of the band beads do not agrei' A>ith the 
bands of any ol the previously known systems of MgC). MgF, MgBr oi’ w'ith any of 
till) commonly occurring impurity bands 

TABLE 1 


Wave numhci 

] ti ciir-i 

Inh'tiKily 

v' v" 

Bund lu'wd 

206^1 r 

4 

0.1 


20050 2 

2 

0,1 

r, 

200 DO 4 

3 

0,1 

p, 

2070H 0 

5 

0,1 

Vi 

20701. H 

2 

1,2 

Pi 

20772 1 

4 

1 2 

(?) 

21128 2 

r, 

0,0 

0l\, 

21130 H 

10 

0,0 

r> 

21 183 3 

5 

0,0 

Pi 

21191.9 

10 

0,0 

Q) 

21679 3 

2 

0,0 

"Pii 

21687 8 

5 

1,0 


21729 9 

1 

1,0 

P\ 

21735 9 

3 

1,0 

Pj 

21739.8 

3 

1,0 

QH 

21745 4 

G 

1,0 

Qi 

21798 3 

1 

3,1 

Pi 

21UO0 4 

3 ' 

3,1 

Q^ 
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The aiialyHifl of the system was greatly faeilitatetl by ideniifioation of the 
strongest gi’oiip as Ai; — 0 sequenee. The two 'weaker sequences Ar> = — 1 and 
- 2 were easily identified on tlie longer wave length side and Ae — +1 sequencse 
on the shorter wave length side of these Of these the Av = 2 soqiieiice is too weak 

lor measurement The observed double double headed nature of the hands inAr = 0 
sequence immediately suggested tlie possibility that the system arises from a 
“S -^n “S or “n transition From the structure of 2]^ — ‘■*1 J transition we expect 
the folio wniig head forming branches '"1^2. V, I P, and Qi+<?P„, lor bands, 

d(‘graded towards the violet Thus eaeli band with a jiarlicular value of v' and n" 
IS expecti'd to consist of tlie above four beads. The; intensities of the Q lieads is \ 

TABLE TT 

Vibrational analysis of the sub system I ot MgCl Bands 


V 

0 




I 

0 

21128 

2 

4R6 

H 

2064J 4 


211.10 

K 

4K0 

0 

206.60 2 


661 

1 





661 

0 




1 

21679 

3 





21687 

8 





TABLE IIT 

Vibrational analysis ol the sub-system TT of MgCl Bands 



0 


1 

2 - 

0 

21183 3 

486 9 

20090 4 



21101 9 

483 9 

20708 0 



662 6 





663 6 




1 

21736.0 



20761 . 8 


21746 4 



20772.1 


2 21 700 8 


21800 4 
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expected to be twjce aw strong as the P heads The detailed classifications of the 
l)and heads are given in columns 3 and 4 of Table I TJie observed intensities of 
band heads given in column (2) are in accordance with those' expected for 
transition The vibrational a^lalvs(^s of the two sub-systems arc displayed in 
Tables IT and ITT The first interval of the iovvei- state of the two sub-sysldiiH 
agi’ees very well witli the first vibrational (|iiantiim of state of Mg(3. li’urther 
the (torresponding bands ol the two systems are sejiaratisd by wav(‘ minibcr intei’val 
of about 50 (iiii * whicli agiei'S ver\ closely with the doublet interval of 55 enr ^ 
of the first excited -d"ll state of MgCl Thus the lower state ol the new doublet 
system vs as easily identified as the uppei state of the main .4*''! I - system. 
All the observed fciatures ol the band system are in accordance with the jiredicted 
The position of t’„ for the state is obtained as 20520 4 | 21130.8 
= 17057 2 eiii”' The appioximate vibrational freipioncy of Ihe upper state 
IS estimated as 503 cm ^ 'I'hi^ lover state vibrational constants are tlu' same as 
those of the iiiaiii system Thus the analysis reported above slnivs eoncln.sively 
that the emitt.c'i of thi' band sys(<'m is diatomic MgCl 

T'tofojte The (alcnlateil isotopic sepaiations of tin* less afmndaiit 

moJeeule MgCd^’ according to tin* formula 

V -- ifj— l)Lw'e('^' I 1/^) t'V" 1/^) 

for 0, i and 1 , 0 bands are 5.03 and 0.5 wave numbers respectively While this 
separation is resolvable iindiu' disjiersion used in the present work, tlie bands (»1 
0,1 and 1.0 seqiu'iKies are too weak for a detailed study of tin* clilorme isotojm. 
effect. I’lie weaker MgCP’ beads for 0, 1 banrls which arc expected to occuir on 
the shorter wave length side are ovcu’lapjied by the shading ol the stronger lieads 
of the more abundant moleeiile MgC!J“^. The hands of 1 ,0 sequence, though 
weak, are more favourable lor the detection ol the v*eaker MgOT^^ bends as they 
are expected to of*.our on lunger v'aveJength side The P^ and heads ol the 
1,0 band <»f the sub-system I [ were accompanied by the ivcakei isotopic heads. 
Although the observed sojiarations of these two solitary heails agree fairly well 
with tlie ealoulated separations as can be seen from table TV, it may be remarked 
that the agreement tends to supiiort the analysis and may not be taken as too 
significant or too substantial a support 


TABLE IV 

Isotopic Shifts 



Obhorved 

Calculated 

Band head 

Isotopio hIuR 

isotoi)ic shiltH 


in cni-i 

in 

1,0 Fi 

G 

6 6 

1,0 Qi 

5 6 

G 5 
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lOLEt TKON 1 (1 (JONFiaUK AT] O N IS AND K L Ji: D T K 0 N 1 D 
iSTATKS OK TVlffCll AND MgF 

The eleetidiiK; slrueturcs of tho j^roiind states of BeF, MgCl are exj)eete(l to 
he sun liar as lliey contain tlie same number outer valemse (‘lectroiis The ground 
stale (jf tlie diatoiiiu; moloeules BeF and MgF is well known to be state Fol- 
lowing Muihkan's notation the electron configuration of the ground state can b(' 
rc|iri‘H(‘nted as 

(«f7)- (;//(r)-( lT7r)‘*(;r(r)...-^ ... (1) ; 

The first (‘xcited stak* m lieF and MgF may he represented bv the confi- 

guration 

(z(t)“ (//<rp(H"7r)“(.i(r)- ... ■‘II, ... (2) 

By analogy with BeF and MgF the ‘‘‘H and -II, terms arising from configurations 
from (1 ) and (ii) ac<-ount for the obseiv(‘d ground and first excited ..*1^11 

states ol Mgdl Tin* obs(‘rv(‘(l state (iijjper slate ol the neA\ doublet system) 
may be- al-tnbiited to the configuration 

{zay{!f(ry(Wn)%V(T)(r7T) . . -Ill ... (3) 

in which an electron from (.rir) orbital goes to tho [rn) orbital A transition ironi 
tho ohsorvod stati' to the ground state cannot occur as configuration (3) 
involves a two electron juni]) troiii eoiifigii ration (1) This might account lor the 
lact that th(' - A-li transition was not experimentally observed 

\ (IK N 0 W L K I) (I K N T 
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OBSERVATION OF B/-D1RECT PRODUCTION 

(}. 0. DEKA AKB A. K. GOSWAMI 

Djcpahtjment oir Physics, Cotton College, Gahhati (India) 

(Received, Jvlff 17, 1903; resubmitted, September 1, 1903) 

Plate X 

ABSTRACT. 195 pairs of alpha parbiclos are obaorvorl and analytsod as duo to ilie 
deoaya of a Be*’ -nuclous The kmotic energy of Be" at produchioii and the Q valuo of the 
roaetion B( **-2o! are t aleulatorl The energy diairibiiiion mdioiitoy that the Be** -iiurloj woie 
possibly ])rodiJced iluring tho 'evaporation' of the uiicleiis Thu Q voiiie so ohtfiineil lias 
also fair agreement with tho expected Q v^aliie. 

INTRODUCTION 

In liigh energy disintegratioiiB of emulsion nuelei varionR nuclear IragmontB 
of charge Z > 2 are often omitted Ever sin(;e the (iOMinio ray study using nuclear 
emulsions quite a few workers have been interested in tlie study of siicli heavy 
fragments, i.e , their emission frequency, angular distribution and decay modt^s 
Considerable attention of workers for tho stmty of Li**, Li” and B” has been engaged 
in the recent times. In addition to thesis nuclei one can ex]icct lhat Bf!”-ini(!louH 
should similarly be emitted during tho ’evaporation’ of the nucleus The only 
difficulty for its observation lies in the fact that Bo“ is very unstable against alpha 
decay and, in fact, a Bo” nucleus disintegrates into two al])ha particles m about 
10“^’ Bcoond after its production Because of sucli a short life it doc-ays before 
it gets out of the disintegrating nucleus, the two alpha particles then come out of 
the nucleus as tho ‘evaporation’ particles. The energy released in Be” decay is 
'^90kev., and Be” when produced gets some kinetic energy These are then 
shared between the two alphas If the kinetic energy nf Be” is ~40Mev. a 
particular value, then the two alpha par tildes so formed will have neaily t^qual 
energy and will diverge in directions inclined at angles < 6”. Tn emulsions they 
should produce two identical tracks of nearly eipial range and it should be possible- 
to observe them A few such pairs of alpha tracks were observed and analysed 
first by Perkins (1950) and then by Crussard (1950) in their cosmic ray studuis 

EXPERIMENTAL PROCEDURE 

Ilford (rg emulsions were exposed to an intense beam of 4.5 Bev negative 
pLmesons at the Berkely Bevatron Two shots of the beam were injeeted to the 
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Htack and. the; intensity of pions was lO** per cm®. As a result of such exposure 
tlie production of stars was very large The stack was processed and developed 
in tJic Bristol Pliysical Laboiatory Emulsion plates were area scanned under 
X2() objective and Xi5 eyepioci^s Every star was carefully examined looking 
for two idcntic-al black traciks having angle < 20'^. 

The following criteria are adopted in order to select-a pairs as due to possible 
Be® -dec ay ■ 

(1) Both the tiacks must stop in the sami; plate and they must have an 
angle „ 2(P lictwocn them 

(2) Both ol th(;m must be identical iii appcaraniic so far as their residual 

ranges, ionisation and coulomb scattering at the end are concerned 

In vicM' oi’ the fact thal. there are number of experimental biases m selecting 
th(! pairs, OIK' should apjily the above criteria in ord(;r to minmiise such biases 
viMiich includi's that the two tvae.ks of the jiair may be, ijiiite unrelated to each other, 
they may lie |ust evaporation tracks in the neighbourhood. As both the tracks 
are, in general, short there is no definite method of identifying them. Tn addition 
to the visual inspections profile-measiiri'ments are made on »ome good pairs 
selected and average traiik width obtained la compared with those of known 
tracks of Lj and alpha particles. Although it is not so easy to separate alpha 
traiiks from Li ones by this method, still tlnne is some indication that the selected 
pairs (;()uld possibly lie dm* to a particles Wc liava' obtained the average a- 
brack width ().56-t:d.0V average Li track width ~() 

At the same time there is no other method to identify such sliort tracks. 
It is not quite justified also to take them as a- particles. It is also very unlikely 
that two protons or a proton and an alpha particle wdJl be, emitted during evapora- 
tion 111 such a mauiier so as to give the Q value which is very close to the expected 
y -value of ifo®-deeay. 

(Irussard (1950) confined to those events with Q- value < 500 kev whercaa' 
Perkins (1950) considered only alpha pairs between w’^hieb tlie direction of ejec- 
tion was < 10". AVe have ac<icpte(l events with angles < 20" because the uncer- 
f ainties in ineasiirement will make the observed spread as fiig as 20". 


EXPEJtIMEN'J’AL RESULTS 

The experimental results are presented graphically as follows : 

Fig. 1 shows the cnei gy distribution of the 105 Be® -nuclei which are supposed 
to bo produced during evaporation’ of the heavy nuclei. To evaluate such energy, 
the resultant momentum of eaiih alpha-pair is obtained from their observed ranges 
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and the angle between them. Thus inomontiim is attributed to the init ial momen- 
tum of Be“ — which breaks into two aljihas Assuming 1 hat nuclei are produced 
in the evaporation process, one expects the energy distribution to be of Maxwellian 
typo as suggested by Le Counteur (1950) The contmnous curve is drawn accord- 
ing to the equation . 

S(E)dE== exp (- '^’“"1 dE. 


The two parameters, V — the avei-age potential height and T — the a.verage 
niudear temperature are taken from tlu* observed histogram. As is seen in 
k^ig. 1 the agrcoiiiont )>otween the two graphs is as good as tho.se found by other 
workers in the study of other fragments, indicating thereby the proiliiotion ot 
Be“-nuclei during ‘evaporation process’. 
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Fig 2 Nl; — distribution of stars with tt-pair« 



Q (ijiev( , - 

Fig' 3. Q-Value diBttibution of Bc*-docay. 

The Continuous 4 Hirve ia the prdbabfliby curve expected for the 
Q -distribution of the a-pairs duo to chance aBBowations, 
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Fig. 2 shows the black prong jV'^-distrjhution ol’ tlio stars with a pans. The 
aerage star size is Ni, — 12 which indicates that Bu” was nio,stl\' emitted from 
the disintegration of heavy emulsion nuclei. 

Fig 3 shows the Q-value distribution obtained from the observed a-paii'H 
emitted during ‘evaporation’ process Tlie expeiinu'ntal Instogram is seen to 
have a peak at (100^50) Kov. The cakmlahMl (^-vabu^ ioi the reaction Be® 
— > 2a being 90 Kev, this shows an exoellent .igrecnient bt^iween tlu'se twf) values 
The continuous curve is a probability curve of the (j^-distnl)ut.ioii lor the same, 
as is expected from a-pairs which may be just Die (jhance -issoeiation of any 
two random a-parti(;los emitted cluring the ‘evaporation’ ol tln^ nuclei 

Micro-photographs'^of two such a pairs are reproduced 


DISCUSSION 

The continuous curve in Fig. 3 shows th.it for random pairs of a particles 
only 20% of the apparent Q values lie in th(5 interval from 0 to 200 law. In a 
sample of 105 stars from most of which one a pair jier star is omergcsl 77 are found 
to give (^-value less than 250 kev (within 3 standard de.viatioiis) .iiid only 2S 
events with ^ lying between 250 to 1500 kev. It is, therefore, nsisonable to 
attributes all but the 2cS events with Q C 250 kev to be doc.iy of Ih'® iragments. 
It is expected that the abso]id.('- frequency of omission of Be® fragments should 
be appreciably greatew than that of the Li“-j)articJcs and within tire present 
large uncertainties oiir olrscrvod number is eonsisttmt with the hwaponu- 
tion’ theory. 

Further, the pairs of a-parbiclos which may Ire due. tf) the deca}^ ol Be® from 
its first excited state of energy 2 9 Mev can not 1 m‘ distmgui.shed fumi two un- 
related a-particlcs, since their tracks arc expiated to he wide-ly inclined with a 
considerable difference in ranges. Also this excited levc'l ol Jh‘® has a large sproarl 
in energy due to its short life tiimr The result is that a large* fracition of a-pairs 
which are ignored as unrelated ones e.ould also he attrihuted to Bi;® (huiay at the 
first exerited state. In a similar way it has sometimes been siiggc.st.f^d that groups 
of tracks from stars may he. attrihuted to the emissiou of short liveel nuclei in 
highly ex(;ited or virtual states And tlie procedure we havfi folloua;<l hcrcj docs 
not appear fniitful, however, because the ol)S(3rved values of dii eiction and energy 
for various combinations of tracks which may be chosen from a complex star, 
can aU be made compatible with one. or another of the known nuchu and their 
excited states. 
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CRYSTALLOGRAPHIC STUDY OF 3-N1TRO-4-IIYDROXY 
PHENYLARSONIC ACID 

Iv. N. GO.SAVAMI and SANKAR K DATTA 

I^rniAN Association for ttif, Cultivation of SriJiJNCE, CaloitttA'32 
{Beeeioed, August 20 lOOIl) 

Ah analyiidJil roagODls. arsoim a<‘i(l and subnl link'd arKonic acidH (omlunc 
more or loss profoivniially with (iiiadi’ivnJonl metal, s The 3-iiitr()-4-liydroxy 
pheiiylarHonic aeid liim been used to precipitate cadmium from acetic acid .solu- 
tions Very little ,stru( tural work has lieen done on thi,s , senes so hir aiwl therefore 
we have undertaken an x-rav study of this conipounrl to eliLcidate its moleradar 
structure 

Satrsfactory single crystals were grown by shuv evaporation of an alcidiolic 
solution of this conifiound The crystals w ere siiiali thin yelloAV plates. Ohliipie 
extinctions Avore ohservi'd when the crvstals aa^tc examined in jiolaiizcd light 
The crystals AAa;re biaxial positive. 

The iinit-cel] dimensions were obtained from oscillation and Weissimberg 
photographs along |()1()J and |()0J] axes using nickel filtered ChiKg radiation 
'Phe camera diameter was standardized from the ])o\vder hues obtained by .sprinkl- 
ing the ery,stals with alunimiiim powdei. The axes were so labelled as to 
confirm to standard crystallographic jiractico, as showoi lieloAv 

a — 5.54 A, a = 95°32' 

ft 8.39 A. /? = 99"]5' 

r = 11.81 A. r 
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No Bysiematic extinctionB were observed for {hoi) and [hko) reflections. The space 
group could therefore bo either PI or Pi 

The density, inoasured by liotation method in a mixture of Carbontetra- 
cliloride and bromoforin was found to bo 2.05 gm cin~'^ which compares favourably 
with the calculated value 2.(),‘1 giii.cm'® on the basis of 2 molecules per unit cell 
Further work is in progress 
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